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(54) Horizontal machine tool 

(57) A horizontal machine tool has a spindle head 
which supports a horizontal tool spindle. The spindle 
head is guided on a top surface portion ol a base such 
that the spindle head is movable in two horizontal direc- 
tions X and Z. A workpiece support for supporting a 
workpiece on its upper end is guided on the vertical 
front face portion of the base for movement in a vertical 
direction Y. When the spindle head is located at a 
machining position at the center in the X direction, a pair 
of guide portions of each of a front/back guide mecha- 
nism for the spindle head and a vertical guide mecha- 
nism for the workpiece support body take symmetrical 
positions with respect to a vertical plane including the 
axis of the tool spindle. A first index member and a sec- 
ond index member for supporting the workpiece are 
provided on the workpiece support body. Therefore, all 
surfaces of the workpiece excepting an attachment sur- 
face can be machined while being directed to a tool on 
the tool spindle. The horizontal machine tool has an 
automatic tool change apparatus including a tool 
change arm unit, a tool magazine, and an intermediate 
transport unit. The tool magazine is disposed on the 
front side of the machine tool and on one side of the 
workpiece support body in the X direction, and is 
designed such that a plurality of tools can be stored into 



and removed from the magazine from the front side 
thereof. 

FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention: : ' • 

[t)06l] ? The present invention' relates to a horizontal 
machine tool in which a spindle head for horizontally 
supporting a rotatable tool spindle is guided on a first 
surface^ of a base, while a workpiece support ms guided 
oh a second surface'of the base which surface is per- 
pendicular to and adjacenttd the first surface, as-well as 
toa*wbrkprece ; suppbrt-feed mechanism suitable for4he 
horizontal machine tool?' The f present invention < also 
relates an automatic-tbbPchahge'app^^^ 
a ; horizontal machine ; tool ' having- : the above-described 
structure? The 'present invention further reiates^to a'chip 
collection ^paratus%ultable^6ra=h' machine 
tool rta^ing the "abbve^describeci 'sfru'GtureVC-of snrtasm 
^-y r :^ *0'/p: n-c at *ans: ;> :'or ric i j-3 .snisBQGtT; 

Description of the Related Arti ^ £ 

[0002] ' As disclosed in Japanese Patent f Application 
Uid-Open '\KStcai) UsteT 58-132432, ^ a -horizontal 
machih^'tooi of the" 'abovend escribed Hype^'splndlte 
head that supports a horizbntal tool spihdlete'QUided>6n 
a first side surface of a column serving as a^basetb^be 
moviBleln the axial direction of the toof spindle, fthWa 
wbr^iece'support^is^gtiided bn^a second side~s\3rface 
of the column wfiich'^is perpendicular 'to and adjacentitb 
the firsf side surface in brder : ta 
direction%id a riorizontai birecKon perpendicular to the 
tool spindle. ■ c ^ ~ : ^: s ?; 

[0003] ' In another Conventional machine tool disclosed 
in Japanese Utility 'Model Publication (kokoku) Nb.^2- 
26580, % v spindle^head thsit supports- 1 horizontal tool 
spindle is- guided on a top 'surface of a c base suchnhat 
the spindle head is movable in a direction parallel to the 
axis of the tool spindle as well as in a vertical direction 
perpendicular thereto, ^hile a workpiece support "that 
supports a^workpiece at its tipper end is glided oh^-a 
front face of the base such tnat the Workpiece suppbft ls 
movable in -a horizontal direction' perpendicular'to <the 
tool spindle? *\ ■ - : " • ;:>f ' y " : — ' 
[0004] In the former 'cbhventronial* machine to^ 
the spihdle v head is guided onVth'e first side ? surface in-a 
cantilever fashion; a large difference in heait distribution 
iV product between that side surface ancfthe opposite 
side surface/ resulting in- an inclination of the^ column. 
Further? sinbe the Workpiece ^support % guided in the 
vertical direction bn~ : the "second side surface 'perpendic- 
ular to the fir'^ ? siSe' siifface. vertically extending guide- 
wa^s of J th'e l /f workpiece support 'incline - by ! different 
amounts wh£n -thi? column -inclines' within a 2 plane per- 
pendicular to tne^l'spindle.' ^ * y < d >wrr^> 
[0005] lri4hlMatte7 r c6riyentiorial iriachirVe tobl --since 
the column i^di^tfs^'on the base ? ahd> the 3 spindle 
head is guidbd inifie vertical direction 6n : thex61umn, 



the overall machine;. height increases, which is disad- 
vantageous for manufacture of a machine tool having a 
high rigidity. Further,.- -since the workpiece support is 
guided on the vertical- :front face of the base such that 

5 the workpiece support- -is- movable in a horizontal direc^ 
tion perpendicular to thettoolrspindle, a cover unit is hor- 
izontally disposed to extend in a direction perpendicular 
to a falling direction of chips in order to protect guide? 
ways, for guiding the workpiece support from chips. 

w (Therefore,, the cover unit hinders discharge of chips. In 
addition, there must be employed a telescopic cover 
unit or theJike^which is pot necessarily suitable for high 
speed feed of a_ movable : member f , - , 
[0006] - Meanwhile, in order to shorten tool . exchange 

75 ttime,! numerous improvements have beeamade in rela- 
tion > to automatic 'took change apparatuses : used in 
machi ne tools:; For ^exarnpl e, r.a cam ■ mechanism as dis- 
closed iciriD Japanese.; Patent , 3 Application i Laid-Open 
;(Ad/ca/) :No.;:5-i 04377, ^has; been employed, as a drive 

20 > mechanisrrrforidriving -a tool change arm in order .to pro- 
cduce advance/retraction motion and. rotational : motipn of 
tthe:tpol change, arm as ^continuous motion to thereby 
increase the tool change speed. beo *:\ r > i 

j[0007] ?i Another approach-fon shortening tool change 

25 r time - is^ shortening s a ^tooh change, arm^inc order to 
cincrease.. the r speecbof .rotational^ rgotion ^of .-the topi 
cchange-arm.lasidisclosed in Japanese, patent Applica- 
. [ tion:-l^id^en=(/co/ra/^Nor853938ji.j Inthis conventional 
-technique; the toolrchangeiarm is shortenedrthrough a 

C3o decrease in the inter-axis distance^ between, the tool 
spindle and a socket that holds a new tool when a tool 
change operation is performed/ Irvthe technique! dis- 
closed in the publication, in order to decrease the inter- 
- axis distance between the tool spindle , and the socket, 

■-■35 £arrarm support:shaft:for supporting the tool flange arm 
"andean arm drive shaft cwhich is rotated^and axially 
i! moved' by means of a cam-type. drive mechanisrn : and 
which transmits these motions to the arm support shaft 
c are arranged to be parallel to eactoother and separated 

^40 'from each other in the vertical'direction, Thus.- : a support 
ssjection;adapted to support Jhes arm, ^ support shaft . and 
■Lpositiorled ibetween the. spindle head and a tool maga- 
1 zine during a^tool. change operation.has a reduced width 
e ifr a direction-connecting the^oor spindle and^the maga- 
45 zine. The above-described structure enables a housing 
^section thait accommodates the arm drive, shaft .and the 
^rcaihi-type drive mechanism to , have a width greater than 
^^that of4he support section, as in conventional- machine 
-tools. v.'A^ui w .'oc : .-. v-i ^ 

: so ^[0008]^ (Further, a conventional automatic tool. change 
^* apparatus is provided .with a tooJ magazine which is dis- 
posed such that-wheaa spindle head is: returned to a 
* tbor change position: def ined at^the rear* side* of the 
^machine tool, the tool' magazine Jis located; adjacent to 

^55 -' the spindle head. iThe tool: magazine stores a plurality^ 
^todls such that the tools are directed to a direction par- 
allel to or perpendicular to theiool-spindle. . , 1 . ; 
[0009] An the conventibnal tool change apparatus dis- 
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closed in Japanese Patent Application Laid-Open No.- 8- 
39381 , the relatively harrow support portion for support- 
ing the arm support shaft ahd'the' relatively wide drive 
section which accommodates the' arm drive shaft and 
the cam-type drive mechanism must : be separated from 5 
each other in the verticaKdifectiorf. Therefore, the struc- 
ture of the tool change arm unit becomes complex, and 
cost of manufacture increases. 
[0010] Moreover, in a horizontal machine tool', a chip 
collection apparatus utilizing a chip conveyortias been 10 
conventionally used. ! - ' 3 

[001 1 ] As disclosed in; for example, Japanese Patent 
Application Laid-Open \kbkai) No. * 6^24752?; : Suctva 
chip collection apparatus is constructed suchlthaj^chip 
inlet forcollecting' chips iS formed 1 ^: a bed.oru.which a 15 
machine tool fobfeiand a' main spindle 'are plaeed/ and a 
chip conveyor 3s disposed undertltettffipsAilelanirir ^vr- 
[0012] • The chlp cPriveyer has afvendies's chaiattat;is 
wound around a f pair of>sp J rdckets.'TWe , fendlesfe chair* is 
caused to travel' by~me&ffe bf a motorattached: taonexrf so 
x \tie ^rockets,- : 6d 'that chiffe falling: downpfromttb© chip 
inlet > are* ,r disdha?ged l toiS' "chip colt ectiorx-box 3 disposed 
behind the bed. K 1 : *"^> !cot *tf s^ sicr j 

[0013] ;c Hbweverl the" chfp collection apparatus ptiftetitg 
' a chip :< cohveryb^ reqfutrGS a \atg& number of: parts su<ah ^5 
f asan endies'£^in ; a r ndsptockete^^^ 
coli'ectiorY ^p^afCfiS^Sl buittsin-thebbsed roradisposed 
under thePbed'fdh ufeevlfie-hei^ht^of ih> bed;increases, 
r and marnten&tice'arid managsementcotth6r chipicotlec- 
tion apparatDi ar^dtffifeult. **s-\eU:: s'L? r.s ?3cS;:* >b <&P 

a .' 'cc; v.-tn f= -ibicn is- -1 : 's^-.i s e-^niqs 
SUMMARY OF THE INVENTION >r n : via^o syuino 

[0014] A maln>objeet bf vthe^esentin\/entionis:tapr0- 
, videa highly -rigid horizontal machine: tooLin whictea zss 
guide ; mechanism for a workpieces support does i not 
^hindfer free fall of chips and which has a reduced overall 
f 'heights *v , •;. ; - •* ^ : - i- 
[001 5] : - AnotheVJ object of the present invention is: to 
4 provided precision tiorizontal machine tool in wtojchtnei- jtfo 
-fher the Accuracy of a guide nrtechanism .tafcguidrn&a 
spindle heatftbat supports a toot spindle nosthe.iacfi^- 
>acy of a guide mechanism for guiding^, workpsece" sup- 
port are ^adversely affected by s thermal*jdeforroatioi^ofi a 
.-base; 1 c h-v* ; ' v ?z it- , .it;*.. -vi"' 1*5 

[0016]' StiU another objectof the presenhinventi.omis 
^to provided horizontal. machine tool in which all portions 
of a wohkpiece other than a mount*rngc^urfac^ttpaert)e 
machined by use of a tool, and power supply lines : pr 
fluid supply-pipes connected^ a mechanism iof adjust- >yso 
ing theorientation of a workpiece^elative to tb&toqtare 
not damaged during machining operation.,- r?^.-. o \ 
1 [001 7] Yet another objection of the present invention 
is to provide a horizontal machine tool, in wfeich chips 
* can be collected to a reiativetyjiarrdw.area by free falhof ss 
the chips, thus facilitatingxJischarge of ;chipstG*the;pt)t- 
side of the machine tool.; ? o: -*si. : *i :>1 .? • - 

[0018] Alurther object oiibe. present invention Jsito 



provide a horizontal machine tool in which invasion of* 
chips into the guide mechanism and the feed mecha- 
nism for the workpiece support is .reliably prevented., 
through use of a simple seal structure. 
[0019] Still another object of the present invention js 
to provide a simple tool change apparatus which has a 
shortened tool change, arm in order, to shorten- too) t 
change time. 1 > * . . 

[0020] : In the above -described tool change apparatus 
in. which a tool magazine is disposed such tha^w.hen.a 
spindle head is returned to a tool . .change position 
defined .at. the rear, of the machine .toirftbe-topL maga- 
zine-is located adjacent to the spindlehead, an operator 
(roust moy&trom the-frpntof the machine, tool to a side of. 
fehejiaacbipeJooJ.,w,hen changing tools, storecf inthe^tool 
a^aiga^iji^ -In ^n aut9matic .machining system in, which 
dpnany, Qftaqhine tppl^s .^re. installed at narrow intervals, an 
i)peratar Knu^t*. erjter^ a.rwrow^space between adjacent 
machine tool% ii>p.rder (to. Ghange tools storedjn the : tooi 
magazine. Such tool change work involves danger. Fur- 
ther, in an automatic maahjppg! system in, which ,a self- 
propelled vehicle having a mechanism for supplying 
rtOOlsr.tqotheT^opI cnaga^ii^e qf -e^ch maphine topl in is 
iGau^ed .to : trayel • in tfrpnt o.f rr^any machjpe tpols, the 
etrawel iaath _oj/the >se^f-prppell^d jyehicle b^comes epm- 
rple^^od ;ihebJ5tTMCturei qfrthe ; too^l ; gupply, mechanism 
sate® be^^es cprnRLex. r , rnu { 0:) c * ^ : -hj r --. ^1 . u 
dQOTfti . vbAjScordingJy, ^a i^M.Pthe^jpbj^ct of ,the present 
fjoyeQttofbis tp RrpvidQ,^ tpo^cfwtgp ^pparatu? wfiich 
/^llew^OiPp^r^to^ipi.ta-tp^^supply. fneghanjsm or) a 
i^J^ope|l^:yel^cle : tOj^Gf| jopls ^ a topi magazine 
c0v, renpye^op! ; Solh^r^Fpm ( ^ side r of the 

machine tool. 7 1 „ , 

^0Q22} - Briefly, in ^horizontal machjne : tool according 
to the present inventip<v,a spindle ihead whid} supports 
.raitopP spindle to be : rbtatateLe. about a^horizont^i axis is 
-gyided on, a top surface portion of a ba$e such that the 
*=spindle head- is movable in a jirst ^prizgnta|>dir€«tion 
r j^erpendicular^.to the axis of the tool spindly .and in a 
LSecpndihorizontal direction parallel Jo the axis of the tool 
sspindleoFurther^the ba§e has a vertical frpnt face por- 
5tiRQ<jb9t : extends f rpm tie ffogt ade of the base and has 
? an <upper surfacj lower Jjh^n the top. surf|ce poftipn of 
the base. A workpiece support having ^workpiece 
^9ttachm^rit : pprtion t .at^ ,posMtion ;.§boye the top syrface 
Bportipm pfitberbase is;guicjed ; by.the verli^i^ront face 
portion^ n a vertically ^pyable^rrann er. . ^ t ^ Vt:~- 
a[0023] : 9 .if^y.ryi<tu9 of the above-cif spr.ibed. s^cture, 
rther^ cap-be decrjeaseclthe 1 width inj^eJionzo^aLd 
.>tipn pf a guid^■ mechanic 
. r^ipnt of the ^OKkpi^e.rSuppprJj.^jthaL 

allpw&free fall ofic^ips.c^p.bg^^^ pf 
* 4h& workpiece support.,, Also, ^siGoe^th^ wprJ^piece, sup- 
. portis^upported l^.thavp^icaltfrora^pepojl^ of the 
common base which guides, j(T^v^np|pt of the spindle 
^foead ; in feyp horizontal. dir^pi^Jif ^rigidity of the 

marine. tool rjMn^ r ^^v-n^^f^?^;^?i ri 9 idit y °* ^ e 
/; maiGhine-tQpl can ^beymprovg^ |f?rough .a decrease in 
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the overall height of the machine tool. 
[0024] Further, first and second guide mechanisms for 
guiding 'movement of the spindle head in first and sec- 
ond horizontal directions, and a third guide mechanism 
for guiding vertical movement of the workpiece support 
are constructed such' that they exist symmetrically with 
respect to a vertical plane including the axis of the tool 
spindle when the spindle head- is located at an approxi- 
mate longitudinal center -of thefirst guide mechanism. 
This structure mitigates adverse effect of thermal defor- 
mation of the' base on machining accuracy of'WorK- 
pieces. • 7 • - ' l ' ! 1 * ' ; -'^^-^ 

[0025] Preferably, the workpiece supportis composed 
of a support body that is fed vertically' by -means^oftthe 
third e feed mechanism; a first- ind<ex> member that* is 
rotated and indexed, on- the support body.'aboufcarverti- 
cal axis; and b second iridfex 1 member that is totaled and 
indexed/ on th^ first index "member,- about ^horizontal 
axis perpbhdiciSiar 'td thle verti^l axisP r ' ir! '^amsm 
[0026] ? ThiW^rUrt^ 

pie'ce, brail surf abes^other 5 than ah ! attachment 'SUtriaee, 
to be machined 'while being directed to 1 a=t(5bf attached 
to the" tool £pindier Further? sincS* the first arfdnsecond 
index members are provided on the support body^which 
moves only in Hhe vertical ^ifectibnKwires^ndftH^inke 
connkrted to' actuators : fbr"dnvihg^the first and second 
index members^danple due-tb -gravity, sb th^ttte. wites 
and the iike hardly ^use^sfidirig contact witfrothersta- 
tionary portions' wnlle'the^u^pbWbb^ vertically 
Thus, there can be avoided damage to' the wireS^wTSfch 
woliVd otherwise freque'ntly^ 
venfional v strUctureMrf ^ which =an v ir^ex 
r vided :I: bn a horizontally 1 movable' 'member whtch^is 
mov^d repeatedly. r " r; rc'^uc 

~t6027f Further, a front member is preferably provided 
at the front of the base, the front member and the base 
form a chip collecting space oh at least onefeide of the 
workpiece support such that the chip r collecting Ispace is 
gradually narrowed downward^ thereby forming ^V- 
: shaped cross section. ' lc :c: - : ! ! f ' - ■ 
[0028] ? This structure ialtows chips generated *dtfrfng 
machining operation ! to : freely- fall to be^collectecfc&t a 
narrow bcittorri i portibn of the V-shap'ed space fbrrrted on 
at le^st bne side of ttfe' workpiece support. Therefore, if 
aft 'apparatus fbr'fbrd&ily discharging ellipsis provided " 
at the bottom portion; diicharge of chips to thfe' outside 
of theWiacKine tool cah ^ bd'perfdrmed eff iciferrtly. ; " 4 
[0029] The present invention also provides a y w6rk- 
' pi^ce^sGpport r fe^d mechanism Citable' for th£ r abbve- 
" de^cfibed 5 h^rizohtaT'machifie tool. The worPSpiece-sup- 
pbftlfeBd rti&h&nisrfi' comprises at least two bearing 
;^biodks fixi&fo^ face portion of the base 

"'feScht^ a transverse 

direction; ^ c pair of iirTeaf rails 'guided by the ^bearing 
blobs' for v^rficar mb^^ 

fixed tblhe linear r^ill^and havihg-a bylindrical portion at 
its tipper 3 eMr 'wfier%°a' verticar plane Including the 
attachment surface of said linear rails passes' throtigh 
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the approximate center of t the cylindrical portion; and a 
vertical feed mechanism* including , a feed screw that 
extends vertically on : the > side opposite the bearing 
blocks with respect to the workpiece support body and 
is adapted to vertically feedthe workpiece support. 
[0030] By virtue of the above -described structure, the 
vertical guide 'mechanism and the drive mechanism of 
the workpiece support body can be reliably isolated 
from the chip collecting space through employment of 
an annular seal member in sliding contact with the cylin- 
drical portion. .Further, since the vertical feed mecha- 
nism: is disposed on : the front side of the machine 
-opposite the vertical guide mechanism, assembly and 
-maintenance work are facilitated.. . 
[0031] :The present invention further provides an auto- 
bmatic^toohi [Change, apparatus,' suitable .for, the above- 
- described horizontal -machine , tool . jT^e : automatic_.tool 
change ^apparatus r has a \qo\ change ,arm unit ( for 
:i exchanging! a topJ ,on ; a tool.spindie^witb a tool that .h^s 
i been^aken out of a4poi.magazine by.use of an interme- 
r diatertransport .unit. Theutooi change arrrvupft includes 
r an arm shaft supported by a ho.using , a tooj change arm 
rattachedito one ^endoftrje ar r m, shaft proiectingjrom the 
^ hdusHig^and, having a itoolgripping portion at either end, 
-and a drivetnechanism disposed within the housing and 
radapfedrto.rotaterand axiaHy mpye^jthe arrri shaft; The 
bttool change armrunH;is.c)i,sp<^j^such;t^ shaft 
ebecbmes parallei^the iool.spipdle arxJ JhatthQ hous- 
ing is locatedcon thetfr^tside^^ direc^ion,..of 
~ji30 ictheitool spirdle :of r the;Spjnd[ejhead located at the, tool 
'ochange^osition. -eri/o q anv^c^r\ o ir\ ■ \ ti 
?i [0032]oi.Nlrttbei^ housing 
ni whichj accommodates:the! drive/mechanism ;and, there- 
fore has a relatively large v^dthJs disposed on trie front 
:Z35 ti.-side.of -thelool spindle located at-the tpol change posi- 
-rrtion:r;Therefore, there .oan be decreased the inter-axis 
.^distance between the tool,on the-tool spindle located, at 
vthe toot change position and the tool on the intermesdi- 
^ ^ate> transport unit, so that there can be used, a short 
-Mo ? change atnvthat can berotated at high speed> ; ^ ^ ~ 
cr[0033] ^"Preferably, the tool change arm unit is^jxedly 
brdisposed or^the base such^that the housing of the tool 
=richange armunit becomes parallel : tp/the workpiece sup- 
3* port.iwhich -is^movable/in.a direcftpn, perpendicular to 
at - 45 £ the moving directioaof the spindle head and perpendic- 
e nular to the: axis of the tool spindle. This structure always 
:r secures -a predetermined distance between the -work- 
b'piece support- and the tool change arm unit to : thereby 
prevent the tool change arm from hindering machining 
so, 3 operationidThusv -there can^ be eliminated drawbacks 
• c involved in the^case where a tool; change am unit is dis- 
•f^ppsed on : the workpiece support. • - 

i :: [0034] .More preferably, the machine-tool is con- 
structed- such that the. spindle head that horizontally 
55.;- supports: the tool spindle is guided on the upper surface 
• portion of the base to be movable in a first horizontal 
v direction:perpendicular. ;tp^the^axis of the tool spindle 
and in a second^ horizontal direction parallel to,the axis 
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of the tool spindle, and th'e woYkplece support is guided 
by the vertical front face portio'n'bf the base to be verti- 
cally movable in a third direfctibtfperpendicular to both 
the first and second directions 1 , ( and such that the tool 
change arm unit is disposed' in siifoh a manner that the 
housing of the tool changeWrrrtihit and the tool maga- 
zine are disposed on the front side of the tool spindle 
and parallel to the workpiece support on one side 
thereof in the first direction. 1 * « 

[0035] This structure decreases the overall height of 
the machine tool including the automatic tool: change 
unit and enables proper' arrangement? of- the ^machine 
tool in a mass-prbductfbn plant. Tn ! additioh, -since the 
tool magazine is disposed ; on ' thS'tfronP side^of the 
machine tool- and is parallel 'to l tn6^workpiece support, 
supply of tobls tb*be stored into the'tdbl'rn^gazine^and 
remdv'al of old fools' r from -the ! to&l magazine tariibe;per- 

* formed from the front £ide of the'maGhine^obl.^onf,^- 

c [0036] ^PrWrabr^a^lurali^bf^ heldlnihe 
tool magazihe sLicH that the Ybbrs v are v jDaralle> to ^nd:ori- 
} ente<J " in the' same^directiori as is a ^fOd! attached to ;the 
"tbbl 'spiViSleV'aWa the'iHtermediate'trafnsport'Uniti^ con- 
structed such' that 3 the ! tools- carif ^b"estakenr.out>of or 
'returned to tHeMoormag^zin^ ' fr6m'th6'fear:-€nde r of )the 
" "tdol ' rnagazi ne: In v the* above^esibiribed ' structure.rthe 
" intermediate 5 transport < uhit 1 dbeS nbf SYavetto be?con- 
n structed -slicrr that tHeftoolS afe~1aken"0ut ofcor returned 
to the tboi magfeinelh^fri the frb*nt feide r of thettool mag- 
'* azine: Therefore? there ciiri b^-$1mplif redlhfe'strurtureof 
v the intermediate transport ^ tfhit^which.transpbrts atool 
between the tool magazine provided at theirpnt side»of 
the -ma'cftine 1 tool arid^a' ' tbbl 1 change position thfct! is 
" located -behind the "tool -magazine and "in: a* planei' in 
■ which the toofchafege afrtiTotates:^ : > ! - sr^ »:ry 

* [0037] ■ : Preferably, r the intermediate transport; unit 

* ihclUdes^a feocketwhibh can removably hold a toolin the 
b same manner as in the case where a^tool is attached to 
"the tool' spindle; atrarisverse positioning mechanism for 
; 'moving the : socket irvthe transverse direction of .the 

machine tool; a vertical positioning* mechanism, dis- 
i pbsed on- the' transverse positioning'^ mechanifcrrfcfand 
c adSptedlto move the sot;ket ; in the vertical direction ;iand 
;i a- frbnt/back positioning- r mechanismi disposedron: the 
:1 vertical positioning-' mechanism --and 'adapted ^to; move 

the socket in the front/back direction between the posi- 
tion corresponding to the 1 position of: the toolimagazine 

arid "th'e tool' chang exposition, which is located; behind 

* the tool 'magazine arid in <a plane rjri "which thentool 
change arm rotates. ,r > ' ^ or* ^ : q 

' [0038] * -- By 'virtue of the- above-described, structure, 

* attachment df the- intermediate transport unit/Can* be 
performed through a simple operation of attaching the 
transverse positioning mechanism to a support member 
therefor. In addition, -when the* intermediate transport 

* v unit-is used in combination with a tool magazine.having 

* 'a harrow width in the transverse;direction, the position- 
- ; ihg mechanisms are superposed in ascending 1 order of 

* socket moving distance. '^Therefore;- each positioning 



mechanism can operate smoothly.- 
[0039] Preferably, the tool change arm unit, the tooj 
magazine, and the intermediate transport unit of the tooj 
change apparatus are fixed to a single substrate so that 
5 the entire tool change apparatus is assembled as, asm? 
gle unit. Therefore, during assembly, relative positioning 
between the machine tool body, and; the tool change 
apparatus can be effected through ajsimple operation of 
positioning the, substrate relative to the : machine tool 

10 bOdy. " ' : ly. . ' • ; , 

[0040} > ,The;present invention further provides a .chip 
collection apparatus suitable for the above-described 
*:horizorrtal^naehine tool., The chip col] ectiqn: apparatus 
-:«rampEiseSia . chjp 1 ;.collectipn men^er.^a chip .suction 
is ;apparatusvand a cjhip collection bin- jhe.chip-oojleption 
;membero4ef ipes : a- ehip. ; collecting t spacer .which sur- 
broUOGis,jthe^;wprkp]ec.ei.suppprt ,and- whqse grqss^ec- 
ittooalicarea -graduallyr/decre^ses.; The. chip, collection 
member has a cjgip .suejio^port formed j in therVjcinity of 
r 20 :tto^lx>ttom;.olth.£;chip^^ suction 
^apparatus r is> provided t at * thp , jChip $uck.-. openi ng ,and 
b adapted ,jQ,suckth&.crjiips k by action , of air.. The ctlip col- 
brfectfontpin collect^ the chips^suckedrby. t^e. cWp.sjjction 
ri.-apparat.uS4' ocr.;* vf r«o -*>'- n'v. ik: ; - - > 

: 25 ^[004t]bnJhis structure enables collectiqn of chips with- 
brout^requirjng large^sgale, rnaphining^ithin the base. Ff ur- 
scther.Hthe; height of the base can ^e^depeased through 
^tmplificationrpf: the -app^ratus a for /k chip collection u in 
.yiorderstof^uce/the^ze^^ ~. 
ot*3o Hd0042] t-vPrefer^bly^the^e is^f yrjjigr pcpvided a chip suc- 
-ntior^paratus vyhich romprisesja^ 
-oi&attached to the spinc^e hea^iriipcder-to cover the tool 
at spindle and ,is movabie J.O; the advancement/retractipn 
direction of the spindle head; and mpvable cover.cpntrpl 
c . 35 .emeans for controlling the, r movement of the mpvable 
recover based on the«amount of movement of the spindle 
e^nead in the advancement/retraction direction..- .. ; ' 7 
[0043] , ; Preferably, : the movable coyer Js formed such 
-Vthat ; it surrounds a tool attached to the tool spindle and 
> 40 is moved in accordance with, relative movement 
<:r£>stween the spi nd I e r head and, the. workpiece support in 
s tbebadvancement/retractipn direction,, Jn this case, the 
nodjstance be^tween the^periphery ;pf a-workpiece jand the 
\ movable cover. can be maintained constant, so that,col- 
- 45hc, lection of chips can be performed in an optimum rnan- 
-?oner without causing interference between. tip e tqoLand 
the mpvablewcpver.or, between the ^.worl^iece^SLnd the 
- ^imovableppver. - t ; - ?, *.-. - : , .7 'gr^r, 

rr.[0044]^ More [preferably, .during machining pf.a. wVrk- 
.* so -ipaece, .the movstole^coy^pontr^l .rneans^ 

errmwem§nt of the : -movabij^ -cover. such ^that a^predeter- 
^ ? . mined jslearancejs ;maintai r ned .beJ^eep4h^*rnoyaWe 
cover^and the front vface ol thejWorl^)[ece regardless of 
^■itthe, length of a tooLheldjn. pe t tool srindle and,.move- 
: 55,ccmerrt^f L fte-spindlejiead n 

jdjre^pnoi^erefore^.at the : tiniej:Oi tool change' opera- 
^^jtioai^ejimqvabie cover .can t^JTioyed to ^ withdrawn 
r- (position^ ^ :; . » - . J£ r . * r . s . 
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[0045] ' The movabie cover is preferably controlled 
such that' the movable cover is also moved in accord- 
ance with a length of a tool attached to the tool spindle. 
In this case, collection of chips can be preformed in an 
optimu'm mkhmer without causing interference between 1 
the tool and the 'movable cover or between the worte 
piecS arid the' movable 'cover even in a machine tool in 
which many types'of tools are selectively attached to? 
the tool spindle: ' / 

[0046] . Preferably, a heat exchange member is pro- 
vided at the outer circumference of ja control box;' arid : air 
that. has been used, to suck' chips is jettied agaihsHhe 1 
heatexchahge member 'in order to cool the inferior : 6f ; 
the control box.' In this case, cooling' fans for coblih^the 
control ,.box can be decreased in number or compietelr 
eliminated." ' ' ' ' r " ' /' ^"-^ 

6mEF bESCRIPTIOlQ OF THE ACC6M PANfVfNG C l ' 

drawings ^ ^ " ' '™ ; \ - "^f' 00 ;*f 

~ — - -i ----- .-. ■ . - - • > v \ o»=>n ato 

[0047]'/ Various ^ 

attenda^^^ ;of ihefpreg^nf xr^kfi^^M&e 

readily ^preciated as the same becomes fc^er^ 
stood by reference to the" followhg '^e^i^^^^P 1 ?^ 
of the' preferred emb^irhents when & 
nection with the. accompanying drawing^, W 

FIG. .1 is a~plan view bf a machine idol I 'arcOTdin^o 
an embodiment bf/the (>n=$eht ^irWeStiph;^ v ^ n ^ 
FIG. 2 is a scherhatife Hghf Side y]£w£qf tHr£ms6Wrte 

' HG.~3 isafrpnfv^ 
FIG. 4 is aHght side viw ^ ^1 
r FIG. 5 is an. enlarged view 6f a malri portioTi bf^e 
' spindle head combined with a block diagram r 6f ! a 
^numerical controller; _ 
'',■* FIG. 6 is an enlarged vertical cross sedibnja r keh 
alonp the line A-A in FIG. 1 ;' ' 1 v . ' ^! ' ' 
. f iG.J is a front view of the spindle J head; , ; " 
» J FIG. 8 is an enlarged plan view of the tool ch&Kge 
unit shdwn in FIG. 1 in whichthe tool change iirirHs 
partially put away; ,. ' _ ~ ' „ ^ 

FIG. 9 is' ah explanatory view showing air'tirtula- 
4ioain a r contrprbox; \V., ' , ' , 

FIQ^IO is an e 

magazine; " '> ? - 

FIG 11 is a cross section taken aldhg the line' B-B 

_ in.FIG.10_ >s ... v , 

FIG. 12 is a view showing the details of the chip col- 
, vv Jecting appacat f us; . , : . t ^ t ( , , 

"*lT.FIG.J^js3n ^ enlarged 'partial front vjew of a-tool 
r jnaqazine accbrding'to another ' eh^bdimenfbf the 
present .invention ; , and* ^ . ^ 

FIGS. 14 and .1 5 "areflowcharts showing processing 
berformed by the numerical controller.' "\ 

-/•; : ■£■»> "^wvu -*r!.; t-?nj 02 . •: \ ~ ^ » -.: j. r>; t yr 



DETAILED DESCRIRTION.OF THE PREFERRED 
EMBODIMENTS 

[0048] Embodiments of 1he present invention will now 

5 be described with reference 1 io the drawings. 

[0049J In FIGS. 1 - 4; which respectively show a plan 
view, a right side view; a front view, and another right 
side view of a horizontal machine tool according to an 
embodiment of the present'' invention, numeral 10 

to dehotes-a base of a machine body MTB. The base 1 0 is 
composed of a block portion and an auxiliary device 
attachment portion 1 0c. The block portion has a rectan- 
gular shape such that the length in the front/back direc- 
tion is slightly- longer than- the ..length in the transverse 

is direction and; is adapted -to guide a . movable - member, 
which wilfrbe;* described later.- .The ■ . atptHiary ; device 
attachrhent: portion ill Oc is formed^integrally with the 
block portion>shown on the right side in-FIG. ; 1, in order 
to'^ailow "aiixiliaryedevicesrof the machine, tool to be 

sb mbuhted^thereon.MAs best seen^in FIQ.- 4, the height of 
the auxiliary device attachment portion; f 10c decreases 
stepWise^from4he rear,portion>toward tfeeiront portiop. 
In 7 a r CaSe- where the:auxiliary devices ? of stherinachipe 
tool are installed on the floor, the auxiliary device attacrj- 

25 meht portion tOc is- unnecessary. , Acco_rdjngly; in the fpl- 
Icwihgderscription; the blockportionis:referced ; to asthe 
"base ! 1 0" unless specific reference -is ;mad.e?to the aux- 
iliary device -attachment portion 10pr >; . - •„« 
iGOSO]" on^the top surface portion 10a oi the base 10 

'so we f ixefdly disiposed a- painof guide rails,/! JvTfte guide 
Tails* 11 iare separated from^each other-in a^Z-axis direc- 
tibn^which is the- front/backsdirectionrof the machine 
15ol; -and extend in a horizontal X-axis direction perpen- 
dicular to the Z-axis direction. Bearing blocks 13a - 13d 

'35 which 1ravels:alongj the guide rails 1t are.,fixed to the 
'bottom surface of an X-axis slide 12.; Thus, the X-axis 
'slide-1 2 is^-guided to be movable in the X-axis direction 
--along the guide rails 1-1. A^servomotor: 14 fixedly ctis- 
c pdsed on the base moves the X-axis slide 12 irvtheher- 

r -4o '■ izontal 'X-axis direction via a feed screw.: 15 and ia^nut 
-^5a?(see FIG>6) fixed to the bottom .surfacetof-the.X- 
• n Sxts ? srrcl'e%12.vit^>i : . > : * ~- ^l^r.:- * ; ■ 
s [0051] ^Ah encoder 152 is mechanically ^connected -to 
-thete^r end Of the X-axis servomotor 1 4^and electrically 

:> 45 connected to a numerical controller, NC via^an unillus- 
- trafed-servo amplifier. c v-'y- c. 

-[0052] ^Oh the X-axis slide 12 are fixedly provided a 
-pair "of guide raits -18? disposed perpendicular to the 
guide rails-11 /Specifically, the guide. rails 18 are sepa- 
so -rated frorrfeaeih other in the X-axis direction and extend 
;i ir4 the A honzohtal>Z-axis direction. A. spindle head 20 is 
guicf^d by the guide rails 18 via bearingiblocks 19a -19d 
fixed to the bottom surface of the spindle head .20 at the 
: 'four corners thereof; so that the spindle/head 20 pan 

• 55 travel ailong the guide 'rails 18. '1 • - 

* [0053] ■*> As shdwn in FIG. 4>a servomotor 21 is fixedly 
' 'disposed 'tin the X-axis slide . 12 to be; located between 
the guide rails 18. The servomotor:21 moves the spindle 
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head 20 in the Z-axis direction via ah unillustrated feed 
screw and a nut 23 fixed to the bottom surf ace. of the 
spindle head 20. An encoder 1 51 is mechanically con- 
nected to the rear end of .therservomotor 21 and electri- 
cally connected to the numerical controller NG via a Z;. 
axis servo amplifier 153; The Z-axis servo amplifier 153 
controls the rotation of the Z-axis servomotor 21 on the 
basis of a difference between a target position indicated 
by a target position command of an NC program stored 
within the numerical controller NC and a present, posi- 
tion indicated by a present position signal from. the 
encoder 1 51 in order to move theispindle head 20 to the 
target position. • . • r •r.j.- w -. ■ •. \. 
[0054] Also, an encoder <1 38 ^connected to th,e 
numerical controller NC via. a tservd. amplifier, 155; fur- 
ther; a sequence controller' 158* Jsbconnected tojthe 
numerical , cdntrbller^lCP T The 5fequenee><5ontroHerD358 
performs on -off cbntpot for a 1 sol enoid^val veil 44-apd^the 
like.' The NC cdnfrbllerNGstores^hepern'a program 

'asvvell as tool data' Sucfvas: tool fengths of tools>T stored 
in the tool rriagazihe 90;^ ' * i'trrs o^i\ao \\&\ *us sr.: 
[0055] The-spihdlehead 20^supportsa tool '.spindle -25 

: &t the centerbetweenftie pair, of guide&raiis%18i9U€hiha]t 
the tool spindle^ 2S is rotatable about to-horizontal axis 
extending in 'the^ Z-axis 'directions AtlheDfrorrt prKij of, the 
tool spindle 25 'ate provided a ! tool 1 receprtio5rt»oJe e :an.d . 9 
clamp mechSriism^boto^ removably 
receiving and fixings tapfered shank Ts^ot:a tpolj^is 
shown inTIG.fcl't. The outer; circumference of a spirjdjp 
housing 26 which sunxkutadstand jouFoalsrthejKjnt end 
portion oflhie tcoirspiiYdle^d^s-a^geRerally gylincfrical 
shape?. 1 A stationary cover :27/for . collecting chips/is dis- 
posed to surround the outer xircumference^pf the;hpu9- 
ing 26 with -a predetermined * annular, space £>rp3e$l 

- theriebetween and is fixed . to the spindterhead .20:; Dis- 
posed within the stationary cover27 is a. movable ppyer 
28 that telescopically expands and»contraQts.)The.mpv- 

• able covert is connected via* a feed screw 135 and=a 
nut mechanism -1 33 to a servomotor 29 fixedly disposed 

-6n^the ! spindle head 20, so that theservomotpr ; 2e,ean 

- control the^positionfof the movable C9ver;28. More .spe- 
cifically, the movable cover 28 is fixedly suppor : taJ x gn 
Vbds -131, which are: advanced and. retracted w^hi^a 

< pair 'of through-holes 1 30 formed in -the spindle he^d.^O 
along the tool spindle 25x r5; - - osi:±nr?, 
[0056] Portions of the outer xircumference^ofjthe 
rods 131 i are fixed to opposite: ends, of a V^hgpjed 
bracket- 1 32; and a bali nut J33js attached jtp^he^entral 

^portion of the bracket 132. The ball riot 133.4s in wt&gh 
engagement with a balhsaewJISS ^withih-a space por- 
tion 134 ofUhe spindle, head 20.fThe bal!-screw^135.is 
connected to 4he output shaft ^fahe-servomotpr 29 via a 
floating nut' t-36:-. 1 : * r%$? < * — ? 

^ [0057] When the servomotor. 29 is driven, the ball 
screw 135 is rotated through : the fighting nut^BSa With 

"' rotation of the ball screw* 135, the rods 131 are moved 
via the' ball nut 133 io'screw-engagement with the.ball 
screw *135. Thus, the brackeM32*fixed to the rods 131 



is moved to advance and retract the movable cover 28. , 
Further, an encoder 1 38 fixed onto the top surface of the 
spindle head 20 is connected to the rear end of the ser- 
vomotor 29.-, . « . **.,:- - . 

5 [0058] Achip suction apparatus. 30 is disposed on the 
spindle head 20. The chip suction apparatus 30 create^, 
negative pressure within the cpvers 27 and 28 in, order 
to suck chips and feed them to a dust collector 32 dis- 
posed at the rear of the machine tool via a flexjble.pipe 

70 31 .-.More specifically, the chip suction apparatus 30 has 
a chip.suction port 14Q, a chip discharge port 141, and 
an<air> ; suctipnport 142, and the chip, suction port 140, 
cpmn^nicajes with tjie interior of the movable cover 28 
vjSj^sucrtioq. passage J, ^ in tl^ spindle* head 

[0059] The air suction port 142 is connected to an air 
pump 145 via a solenoid valve 144, and as shbwn in 
FIG. ^^the^jp^disQharge. port- J £1 is co^nect^ljo the_ 
dust~c6ilector 32 dispose** on the rear side, of the| Spin; 

2q die head 20 via the flexible pipe 31. The chrp'suctionr 
apparatus 30. js. designed such that air supplied from the 
§15 SjugtioPipprt 142 ^creates a negative pressure in trie 
vjginity of the chip sQgtiQn port ^40 whHe f lowing tcward 
th^^hip^di^charg^^p^ 14.1 * - sp air is "sucked from 
25 tt\e : ch^^ action bf r the thus-gener- 

ated negative pressufje;, , f " v ^ . [\ rr ' * ]\ ' 
[0060] As shown In FIG. 6. tfYe tiase 10 has a vertical 
frjqrrtjace portipn 1 Ob^tped .at its central portion in the 
transverse d/nectiot] , beiiring 

■3D ^9pKs ( 35a- 35^are f jx^jy ^tf^plp ed] to tH»e vertipal front 
face portion.^ and lower block 

bearings 3^Tar^i' 3jSb^i^ai^^i^,at a right-side posi- 
tion apd paired I upper ai^. lower block bearings 35p and 
.35id§r^disposed at a left-side position that is separated 
frqm4he right-side pprtiph'in the X-axis direction^ Right 
and ieft guide rails 36 are guided by means of th^block 
; b^arings 35a - 35d for nr^pyenient in the Y-axis*direption, 
which is the vertical direction. The right and left guide 
rails 36 affixed. to a surface of a 'Workpiepe support 

,40 |xxly ( 37 facing th§ . vertical front face portibn r l0b. In 
pr#ej.'^ deformation of 

the base 10, the guide rails 36 are'disposed symmetri- 
.g^lly with respect to a vertical plane that includes the 
horizontal axis of the tool spind[e 25 when h4 spindle 

js i^ead 20 is pqsitiqned„pn the ^top surface ^portion 10a of 
the base 20 at a center pcsitioh in the rightfl6ft direction 
.{K-axis direction), . ^. , iT r -» 
[0061 ] A nut 38 is fixed to the frbnt face 6f the" work- 
piece support body, 37, opposite the surface to whifch the 

v 50 guide rails 36 are attached. ^feeS screw 39 in Screw- 
i engagement wjth the.nut^38 is rotatld^by \ servomotor 
.40 equipped \with a reduction gear medh&nism. The ser- 
vomotor 40 is fixed to the top portiorVof an .arch-shaped 
^bracket ,41 .whose opppsitejejej 1 ^ 'ppr.tipnS a|re fjxedito the 

? 55 b vertical frcrlt facei.pbrjioa'lpb 

motor 40 is driven, the wdrkpiece supFfert body ; 37 is 
moved in the Y-axis direction, so that the workpiece W 
which moves vertically together with the workpiece sup- 
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port body 37 is positioned three-dimensionally in rela- 
tion to the tool T attached to the tool spindle 25, which is 
horizontally moved on the top surface portion 10b in the 
X-axis and Z-axis directions perpendicularly intersect- 
ing each other. 

[0062] At the upper end 6l the workpiece support body 
37 is formed a cup portion 37ai which has* a cylindrical 
outer circumference and which accommodates a first 
index" mechanism 44 within Its cylindrical inner space; 
The index mechanism 44 comprises a hollow shaft 45a; 
a bearing 46 : , arid 'a built-in Servomotor 48 ^for r index 
operation; all of which are accommodated within the 
cylindrical space. The hollow shaft *45a extends'downf 
ward frbrh the bottom surface of an lc-shaped f irst-ihdex 
member 45 and is coaxiial'with^he^cylindricalrspae^. 
The bearing 46 supports the hollow shaft 47 suchMhat 
the hbllbw shaft' 47 can be rotated about" a vertical's 
47 for index; dperationVThie -built-in 1 servomotor u48 - i'te 
bbmpbsed o^f a stator coil fixed to th6 fnheK surfadeUrf 
the clip portion 37a to : b^ l6<^ted ; 'b'eldw'the bearlng:-4 ; 6 
and a rotor fixed to the outer circumference oVitie hollow 
shaft 45a. -A clamp ring 49 is'ihterferfence-fitted ontoitfie 
buter circumference of tr?e hollow -shaft : 45a^t a<p©sitf©n 
above the bearirig 46; Wheh-fjressurizedS'oil Intro- 
duced into the' blamp- ririjg ^^49; - the clamp ririg049 
increases its iriher diameter in order to -allow Hh'e first 
index member 45* to be indexed by means of the -motor 
iin^o \-rl- le.lnqrns 

[0063] Ari bfeet-verticarp6rtion 45b of the' L^sbdbed 
first indibrmember 45-cbntains ther'ein ; ar disk-shaped 
second index memb^ : S3-; ? wfiich' 3 carf : bb 'rotated add 
indexed aboui ^horizontal axis r 52 perpendicularly^ 
secting the vertical fbtatibnal^aLxis 47^6f theTirst ihdex 
member 45 in a vertical plane comrhori thereto: 'The-ver- 
tical portion 45b includes therein a second index mech- 
anism 54 whose structure is similar to that of the first 
index mechanism 44, in order to rotate the second iridex 
member 53 for indexing and positioning. A T-shaped 
clarrip 55 is provided in order to clamp a pallet P for sup- 
porting the workpiece W. The damp 55 has a horizontal 
shaft portion eit its center, arid the horizontal sWaftpdr- 
tion is "connected to a hydraulic cylinder 56 builtfirtfttie 
cylindrical sriaft p'ortiori of the second iridex member 53. 
Trie clamp 55 is positioned at a' clamp position and an 
r 'UriclarriVp6sition by operation of the cylinder 56. ? 
[0064] When thi : clamp 55 is" located at the unclamp 
position In a state in whibh the longitudinal direction of 
the clarrip 55 *cbihcides with the hdrizontal X-axis direc- 
tion ^pallet' P whicrr Supports trie : workpiece ? Wlis 
* fb^ded'sLJcri that the clamp 55 is inserted into 1 a T-sloPof 
v frm f&lfef P. When th'e darfip 55 is moved to the;cl amp 
position, the bottom Surface of the pallet P is seated -on 
bnil|u^r4'ted : sfeat 'pieces 'provided on the Second Iricfex 
member 53/^0 tharthi'pkllet 'P'is supported by ahd 
^clampfed ' qn b ;the c secorrd' index 'member'^ 53: Thus, 
' through pirbpgr' #^ination ;: of ■ : 6^&attW<1Re*i\r& 
ihdex mechanist Warid" : ^ of the 1 second index 
"mechanism ^, :: ^We ^surfaces of' the"wbri<ptece^W, 



other than the surface for, attachment on the pallet P, 
can be caused to face the tool T attached to the tool 
spindle 25 in order tq£e. machined thereby. 
[0065] "-■ Through a-fcylindrical space extending axially 

5 within the hollow shaft 45a<of;the first index mechanism 
44 are passed unillustrated wires for supplying electric- 
ity to the built-in motor of the second index mechanism 
54; unillustrated supply pipes for supplying oil to an unil- 
lustrated ~ diameter-increasing Jluid chamber of the 

10 clamp. iring 49 for the first and second index mecha- 
nisms 44 and 54, and .unillustrated .supply and dis- 
charge pipes„connected to the hydraulic cylinder 56 for 
operating .the; )Clamp ri 55.. These wires and pipes are 
taken: j out- through : an v unillustrated takeout opening 

is opened to a side surface of the.workpiece support body 
37<and.extending.dcwnward. Si nee 4he support body 3/ 
.moyes.ionly.inrth^ vertical dire<^ipn, : ^herje can be elimi- 
/nated .damage?pf ,the : wires and t .pipes, ..w^hidi damage 
tendsrJozfFequently^pccur-dueAto sliding contact, with, a 

20 stationary poction f if wires and pipes, are taken ouUrom 
a hprtzontally.mpving membervof-;^;.-; : ; t r ^: 
;[0066po Orttfte right ; andjeft\ sides of /the. yertic^front 
face portion ilQb-ofjthe base ,10,; ;-a- slant sun^qeJOs is 
.formed, fromrtheifop surface toward the bpt(om surface 

^25 ;of:the baseolOi^except atthejeft.end^urface pprtion 
c10(g::Further.ra ; bridgefPprtiop 1 ( 0ji$ prpvij^edatjth^ front 
uppet portionvof-cthe ;bas,e 0 1 Q^cj^that ^^ bridge p f or- 
rtion W\ extends inrthe v frqnt/backf^re0ion^ the center 
of thewerticayront-fac^;^ the opposite 

oso tsid^surfaces of the;brjdg§,portipn ipj : are inclined such 
vthatctheadjstance^between- the^side surfaces increases 
sfrom the-upper. portion toward I £he tower^portion of the 
-bridge portion^ Ojhand the side {Surfaces are joined with 
the above-described inclined surfaces 10s. _ . r- : 

r 35 r [0067] As is understood from -FIQ. -1 , attlje front face 
-!of the base 10 is fonfned-a joint surface 10t which 
yextends in the right/left direction while passing through 
Athe center of the cup portion 37a .of the workpiece sup- 
^port body 3*7i.More specifically, prv the-lefi c side- of the 

: -mo ccupaportion;:37a, the joi^rtf; surface J Ot, includes ^the 
srtespective trontmost faces of- the left end surface.ppr- 
tion 10g ( the inclined surface of the* bridge portion ,10j 
located on the; left sid.^ of the cup.p.prtion 37a,. and a 
horizontal bottom portion 1Qu pf-ithe. base 10 between 
45 , «4he left end surface portion .1 Qg andjhe left-side inclined 
i surfacaof the bridge portion "lOj. On the right side of. the 
: ctip portion 37a, the joint -Sigrface^ipt includes the 
. ^respective frontmost faces of the.lncl[ned^surface of the 
9 bright-portion d Oj?;located on thQ .right side of t the ( cup 

: ?-50 sqDbrtion^37a:and a horizontal bottom.pprtion lOuJormed 
s at the tower end of ;thejnclined . surface 10s. :q 
y [0068] i Through use of. a plurality of unillustrated bolts, 
a front member 60 is removably fixed to th.e.base-10 in 
vsuch .a manner thatv .the.-.front-jmember 60 butts ^flie 
55 -above-described joint surf ace 1 0t: Specifically, the front 
l r member 60 has portions, that correspond to and come 
into surface contactiwith the: left end surface portion 
-10gr the>;left : side inclined portion 10s, the horizontal 
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bottom portion 10u extending from the left-side inclined 
portion, the central bridge portidn' 10j, the right-side 
inclined portion, arid the horizontal bottom portion 10u 
extending from the right-sideNnclined portion. By virtue 
of the above structure, as^shownrin'FIG. 6, a Vrshaped 
chip collecting space CP is formed on either side of the 
central bridge portion lOj in the right/left direction. • - 
[0069] The dust collector 32 is adapted to separate 
chips from sucked air. As shown in FIG. 1 2, the dust col- 
lector 32 has a filter 190 which allows only air to pass 
through the filter to the upper side- to thereby cause 
chips to'remain inside the dust collectbr 32: : Introduction 
ports 148 and 149 are formed In 1 the 1 sidie' Walls of the 
diist collector "32, and a ch'ip pool section -161 lis formed 
at the bottorrrof the dust f cbllec&OF ; 32? 6 oi to'i-i^r- 
[0070] : the- introduction port 1 T48 fstfsohnected:to the 
chip' suction app^ratus^dr whiiW-th^'ihtfodil/ctio^^rt 
V*9 f is c6nrie£te^tb^ c chip "suction r ^pparatfciSi64, Which 
be described lateral** mehfcfer^eSMS provided for 
'each'of the introductidH p5rts 2 t48'and , ^49/I V 'zr.o&sj? 
[0071] The lid member^ 62ms fo'rrhe^Tof ^rectangular 
'^t^shaped rherribV. £ An upper side portion oft the' lid 
: rT^?*t<^ r T^ knbbthi ends 

n&ec* above the Thtroductidn p6rf^148 , l6r?i1'49,rsovthat 
TrtSe'iii me^eVis opened by the pressur¥of>air from the 

* irrr^ucSc^pbrt-i^S^br T49; Thus; \rtien air f lowsurito 
the dust'^lecfoWs^ ofcthe-intiro- 
ductiofi ports ^fi'and'^^pany-^ehiaifllng' introduction 
"port rs shut in 6rde? r to T prWehWeverSe 'floW)6f air.oni lo 

"[0072] 1 The chip p6^! c sectibn^61 iid'composedaofra 

chip falling-down opening* T63 fo?rried at c -theobottom of 
the dust collector 32, a shutter plate 164 for shuttinglhre 
chip falling-down opening les^'ancfari open/close cylin- 
der 165 for opening : aihd ctosihg'the shutter plate 164ii 
[0073] : "When air flows into the dusticollector 32Mrom 

* th#intr6ductibh ports' 148 and 149, the open/close cyl- 
inder* 165 : 'closes the chip falling-down opening 163 :by 
' means 5 of the shirtterplate 164. When air does not flow 
c> into trie'dust 'collector 32 from the introduction ports* 1 48 
s and 2 f49;*'the bpeh/close : 'cylinder 165 fopenstfhecchip 
" failing-bown • opening - 163 through movement)£Ofc:the 
-sr^tter_plate'164? » > ^ ^ er.r ,cOr noi? 

? [0074] As 'shNOwh-in FIG. 12,4he open/close: cylinder 
?r 165 has a Cylinder rod 165a arid a piston 165b~Tbecyl- 
" inder rod- 165a is connected to the shutter plate t164, 
7 and the^pistbn 165b isbdnnected to one.-end:oithe cyl- 
inder rod l 65a and divided the interior of the open/close 
: 6ylirider ; t65 r into two cylinder chambers 165c and^i6j5d. 

* [0075] The cylinder' chamber T65c which -is;opposrte 
the* end surface'lrorri' which '< the fcytinderf -xod ?165a 
projects iscbnnected to* an * a^pump -145^. while the 
other cylinder chamber 165d ; accommodates su&pripg 

7 165e therein. " - - M ' • o 

[0076] * In an air supply passage between the air pump 

: 145 and the open/closef cylinder 165 is provided a sole- 

• v noid relief value 166 for relieving air. The solenoid relief 
value "166 is controlled by means of the sequence con- 

'* trailer 158. When the chip falling-down' opening 163 is to 



be closed by means of the open/close cylinder 165, the. 
solenoid relief valve 166 is closed in order, to supply aii; : 
to the open/close cylinder 165. When the. chip falling- 
down opening 163 is to.be opened, the solenoid relief 

5 value 166 is opened in order to relieve air.so thatjhe, 
piston 165b is moved by the .action .of the spring 1 ( 65e. 
[0077] >Below the chip falling-down .opening 1 63 is dis- 
posed a chip .collection bin 170 having wheels 171 
attached to the bottom, surface thereof. The wheels 1^1 

10 enables movement of the chip Q01lection,bjn*1 70. 

[0078] . A control box 1.73 is disposed at the back of the 
dust collector; 32j.The controUbox 1 73; accommodates 
therein tbe.;Z*axis servo .amplifier;"! 53, the.,servo ; ampli- 
fier rl(55,:th^vsequence controller, 158, .etc, A fan ,174 is 

75 attached, within the^cpntrol. bpx f 1 7£ in orderap circulate 
ain within the. control , box 1 73) ^ : . ^ .. r 

{0O79]:<f tAt the.tqp ; qf the cpr^tpUbox^lTSJs formed an 
aireducti.lTe.. Aij> dis^^rge^rfrom^e.-Wter 190 of,the 
tiustKSdlectpri'SS. entere^e air d^ct.^176 from pne end 

20 (thereof; whije;th.^ ptherend,.of the abduct;] 76.is opened 
tonthe atmosphere:,-, ruir -* ■ ^ r ( . , . . v 
f0080}- u ~As shown : in>,FIG.,9, a. fin .177 is disposed 
ibetwe^n^the.cairr^uct. j f 76 j an<d J the-.cprtrpj^Q)( .173 in 
oi^rto p^rtitipr\jthjemrfromreacr^ .... a. 

•25 ;100§1 ] * The f in effecte.heat, exchange between the inte- 
ttior joftthe^^ontroj^px -^S ^nd^ duct 176.. Air 

:heatedrby;:the Z-axis ^erwq n ampltfjer^1.53, the servo 
amplifier 155, the sequence controller 158, etc. is sent 

d<>4heyicinity^f #iejin47^ 174 
',30 ri3^-Qf the.airiisihen^s^ 176 by 

btN^ beat-exchange ^pt}jOtMe j\a f XJ7. Irj the present 
- err^odiment^e fin 1^7>is £ 'uged as a member foe heat 
<exchange ; hiP w eve r a P'ate fprmed;pf a material having 
atoigh "heat conductivity (e.g., copper, aluminurrirother 
^35 .rrjetals^may be used as is. r - t 

. [0082] A chip suction port 62 is formed at the narrow 
/ bottomportion of each chip collecting space CP located 
t on J he side toward the base 10. The chip suctlop^port 62 
communicates with a chip transport passage 63,"which 
fMO it.extends in the front/back direction within the towjer^por- 
.^tion^tithabasf. ip.^Thevtransport passage 63Jeadsrto 
e the ;rear f portion of- the base tip,- where itis connected to 
fthe^dust collector 32 . via an unilju^trated pipe. In ; the 
.-. yieMityof the suctjon porjt ; 62 of eac^'lran^ortpVssfage 
'• 45 63 is disposed a chip suction ^paratus,64,Vhich jets 
,* compressed. ait ; to the,. rear. side in order- to trarispd"rt 
•cchips.tiiat have fenen^own.to.toe^ottom portipn pfjfhe 
.phip epJiecrt^g ;Srj>ace^CP into. trie transport-passage ^63. 
^ [0083] ^ As in the case of th^ chip suction ^pari'tus' 30, 
v50 ■neach chipisuctipo apparatus 64 .is coru>ec^ tb^the air 
pumpL.145 via a^solenqid valya t47 ( „which is ejectricaljy 
reconnected to the sequenpf coi^tr^oller ;r 158 >r . ri '.- 
<-:[0084] ; ,r a!n the present embpjjiment, j^e. chip suction 
^apf^ratuses 30 and 64^share ^he^ir^yrnp 145.. Hpw- 
■ 55 - ever, a; separate air pump may. be proYibe^ for" each of 
: the cfoip suction apparakises^p^and 6£*jhe air pump 
,.t145HTiay be^sposeb at.ariy^lpcat|Qn Jo ,the machine 
* tookcSipce4he chip suction app^atuses 30."apd 64 are 
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separated from the 'air pump 145, only spaces for 
installing' the chip suction* apparatuses 30 and 64 are 
required to be formed' within the bed 10. 
[0085] As shown in FIG.6, the central bridge portion 
iOj of the 'base 10 and the central bridge portion 60j of 
the front member 60 corresponding thereto surround 
the'buter circumference of the cup portion 37a of the 
workpiece' support body 37 with a small clearance 
formed therebetween. At the upper-end circumferential 
portions of the centralbridge portions ^10j and 60j is 
fixed an annular^shaped seal holding ring 67, and a seal 
member (refer iehce numeral omitted) formed of an?elas- 
tic material sUch as rubber is held at the upperend: inner 
circurnferehtial portion of the holding Tirig^7^n^tn£h: a 
manned th£t the lip* portion of the seal member comes 
into hiding' cbntaict with the outer-circtfmfererice 'ofcthe 
cup ? pbVtion 37ar'Sihce the seal portion is foVmedt^ra 
circular" shape^h^re can- be reliably prevented invasion 
di 'chiptf info the guide mechanism pbrtibri and frie ! feed 
mechanism portion of the w6rJ^ieW : suppOPt'bod5*j37; 
[0086] 3 r ft&ct, 'a descripti^ afc&utb- 
matic tool crfenge a^aratus witK fefefeh FIGSK4, 
%, tbfancl f Ivthe tctoi change appate^ 
composed of a tool chang e arm i5n1t 8$ a tool m&gsftttie 
90, £nd iaft imerm TOO? whteh-are 

mourrted ^on- a : Unrt 

'from the' machine body MTB irr v order to- odnstitutenhe 
tool <ihahge r apparatus ATC^afe a single uriit.^Thtoc^h 
use of^a piuraillty 

fixed to the h^ht^ide ; si^ces' of : the 7 baise ; 10 and' the 
troht membefBb in'ioVdert& foiri'the'tool €h4nge*appate- 
tus ATC ; with the ^maSVirie Body 0 Mm~ :t The ^attSGhed 
drawing^ &how a ! steter in whibh ; the : tool -change appara- 
tus ATC has been assembled to the niiachine bocfy Mm 
Hereinafter.'a detailed description will be given of oper- 
ation of the tool change apparatus ATG in the assem- 
bled stafe. ; ; c 
10087] : The unit substrate^ 1 also serves as a member 
for defining the right-end surface of the V-shaped- Space 
CP lor chip" flection formed : on the right side bf ; the ; 
central bridg^portibns id) and iSOj. ^ ^ 
[0088] ! ; "As shown in FIG. 8; the tool change afrrftinit 
' 80 i i¥f ixed : tb&ie leftside surface of the unit substrate^ 1 
such thkf ah arm shaft 81 is parallel to the tool spindle 
25. the arm shaft 81 Is supported to be totatable and' 
^axiany^mbvatbje within a housing 82 of the tool change 
a?m r unit r $6f the 5 arm shaft 81 : is rdtafed ,r and axially 
zt movW fey 1 means" of a^cam-type drive Mechanism : < 87 
Which fe r adcbrhmbdat^ within the housing 82 Snd is 
r &?\feYi"by WeSris; of i servomotor^ fixed to the^ front 
' WitiWxfe hbbsing 82: The rear end of the arm sh&ff 81 
penetrates the rear ^nd f surface of the housing 82, and 
the central |5oHibn of a4d6l chahgearrrf 83'is f ixed 'tathe 
: rear ehd I 6t tN;arm : shaff 81. The tool change arm 83 
has/aj^airoffo^ 

at op^^\^%^s i^er^>i?^ - ivj " 3 " r ' r ; : " x 
"[0089] f rre car^ ; -4^pe r drive meichahisrii ;; 87 is of a well- 
' known type' such^s*the'type disclosed in Japanese Pat- 



ent Application Laid-Open ,(kokai) No. 5-1 04377. The 
drive mechanism 87 includes a globoidal cam 87a. a 
spider member 87b] -and. a pair of link elements 87c. 
The globoidal cam is f rotated by means of the motor 85. 
5 The spider member,87b is in^pgagement with a periph- 
eral cam groove of. the cam^87^ to be rotated thereby 
and is in .spline-engagement with the arm shaft 81 in 
order to directly rotate the arm shaft 81 . The pair of link 
.elements 87c are in engagement with a cam-way 
io formed on.a side surface of the globoidal cam 87a to be 
swung, thereby, and. are . in . engagement , with the arm 
shaft 81, in order, to. axially mbve the. arm shaft .81 syn- 
chronously with the. rotation thereof. 
[0090]? : The tool. change, arm 83 .driven by the cam 
-75 mechanism operates as.follows., V^hen v a tool change 
command Js issued from. the numerical cpqtroljer NC 
c(see ;in estate shown in F4G, f 8. ( in which : the tool 

change arm 83 is oriented vertically, i.e., positioned, at 
^its .origin; nthe arm 83 rotates cpt^terclociwise, .(as 
-sso wiewerisin ?ft%3) by about 6,0 degree^ jn ord^r tb.s'ipiul- 
taneously* grip . jthe tool T: pn4h% topl t spindle 25^ to be 
-exchanged andra tool T.that is held in aainterrnediate 
'ctransport.soeket 101 : positioned at the top] change posi- 
tion shown m EJG.-8 andrthat js to.be used next. Subse- 
\ 25 -quently, the^arm shaft 81 advances in-order tp pujl the 
/ tools: out-ofc the topUspindJe ,25 rand Jhe/spcket .101 , 
iorespectively^and Jvirthej; tf Qtates ; , qounterclpckwise .by 
■id 80 degrees invorder .tpt.e^chajQge.the positions of the 
irtoolsT Subsequentlyythe^rrn : shaftr81 retracte jp order 
■>30 r ; -to cinsert the;; tools -J Hntp-4h%v]tep| : spindie 25 and the 
socket 101, respectively, and rotates clockwise (as 
p .viewed in;FIG. 3) about §0 degrees jn order to return to 
stthe illustrated, original position: v ?^ A : : 
d^0091 y. The above-described tool change operation of 
: :35 v^he arm83 is well known. However, in the tool exchange 
Apparatus 80 of the present embodiment, the arrn shaft 
- . 81 projects from the housing 82 toward the baqk side of 
^ rthe machine tool when the arm shaft 81^ is located at the 
^-originals position. :A: telescopic /.cover apparatus c 84 
moo includes ;a stationary cover 84afixed-to. the. housing 82 
and a movable cover,.84b. that advances- and, retracts 
g'ltbgether. with the arm shaft-,81 r )Thus, the cover, appara- 
Lsitus 84 surrounds a portion of the arm shaft 8.1 projecting 
iLifrom^the-rear end of^the housing 82 e invorder4o ; prevent 
455ocontamination otthe ar rn ; shaft. 81 ; .by chips, i 
o; [0092] .Since the^housing 82 5 acppmmodating the cam 
;mechahisrrr87;for driving.theiarm shaft 81 is fixedly dis- 
Exposed, in front of the spindle feiead 20, Jthe spindle head 
*o20 can be^moved : closer to the: tool change arm unit^80 
50<? Tin the right/left direction (X-axisjdrrection). That is, there 
^^can be decreased distance L between the tool spin- 
-".'die 25 and the arm ^haft-81^ in the state jn which the 
spindle head 20 is positioned at the tool change position 
o:: shown in the drawings,-ard therefore, the length of the 
55^ ' tool change-arm 83^carv-be; shortened compared to the 
n case where the toolchange arrp unit 80 is dsposed at 
^the^side of the.spindle'.head;20. This increases the. rota- 
> tional speed .of the atool i change arm 83, thereby 
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decreasing tool change time.'* J 
[0093] The too) magazine 90 and the intermediate 
transport unit 100 share t/ames'91a and 91b which are 
fixed to the right-side surface' of the! unit substrate 71 at 
upper, and lower positions and ! which serve as mount 
bases. A tool-holding plate 1 9)' is : provided between the 
frames 91a and 91b (see HG'3): Since the too! maga- 
zine 90' and the intermediate transport unit 100 are 
attached to the surface of the unit substrate 71 opposite 
the surface to which the tool change arm unit- 80' h 
attached, the* tool change arm 80 can be 1 disposed 
closer to the spindle head 20, and the tool magazine 90 
and the intermediate transport 1 unit' 100 can be isolated 
from chips: The tool magazine 90includes f a plate mem- 
ber : 93 whose upper arid lower end portions are fixed to 
the frames 91a arid 9'1b J through 'use-'of bolts '92 such 
'that the plate member 93 becomes" perpendicular to the 
•'6rilf siib'strafte -71 b«,r:-„ o ^ r^s -acr.f^; 

[0094] 1 As shbwrfin FIG. 3, the plate nYember93 has 
W plurality of tooWoldirig hbles'94 arranged : irvd:left row 
1 aWd a rightrdw in "order tb r sfor"e a piu>^ality j of toblsin.par- 
■ s all el to the abbve-bescnbW afrTvshaft"8t. Ascis^hown 
' ih thVehlarged drawings of FIGS; lO^ahd^ll peach of 
the fool-holdTn^ holies ^'is^ormed^^n oppet large 
hole-'pprtidn '94'a' arid^a lower §maTI We~ : pbrti6nT94b. 
The upiper large hole pfertioh~94a : has atiiameter slightly 
larger* than ; the n m^xrmtTm diameter r ofethe'1argestnool 
Used in the madhih^tcx5l/while^the^ower small holepor- 
tipn 94b has? a diam^er r fe6r^pohding?tO-the diameter 
of a todHiolciing grddve 'TriV''6f the holding "portionjiof 
each tool T. •=*-*' ot * 1 bf1f * .v^vir* f * h;co 
[0095J At the lowest 'position 'of* the smaiPholeportion 
94b, a slot is formed f rbm 'Vtiefr ear' siurfaeeof the plate 
member 93 of the magazine 90-, and^a key 95 is fittjed 
3 into the 1 slot. The^ey 95 is'fixfed through us&of boltsi96 
; inserted : frorri the-front suHace of the plate member. 93. 
• 0 The-Key 95 'comes into engagement with one of fcfey- 
1 ways c fk' that are formea-in the holdingportion of each 

* todh P such thkt they lare-radially symmetrical .with one 
aribthen' Thus, feaeh tool T is stored in ttte magazine 90 

; ' at a r predet&rriined angular phased * '' ^/^ t br-.s 
'[OOSSf* The large-hole portion 94a of 'eacfutooMnotding 
' ' hole 94 allows a toohto pass therethrough in th^axial 
'■•'dift'^bnl'^ITiis^'structlird^'enables each-: tooMT"to: ; be 
inserted into* the tool-hdlding" 1 hole 94 from the frontrside 
of the machine tool (from the left side in FIG. 4) arid to 
thereto be held u ln 'the f J tool*holding"\ hole r94*cto~be 
M removed to the rear side of the magafzine-90 whilebeing 
- held by the. intermediate* transport oinit 100,1 acid toibe 
femov'ed from the ffoht^ side f of the magazine .90 after- 

* being returned to trie tool-holdihtf hole 94:from the rear 

* side of the 'magazine 90 by the intermediate ;transport 
unit 100. ^ " " .t^-i- v- 
• [0097] The advantage fcf the tools T being able .to be 

J stored into and removed' from the magazine 90 from the 

* front side -of the machine tool^becomes remarkable in 
the case where a plurality of machine tools having.the 

* aSove-described stfuctlireare 'disposed side by side in 



the right/left direction in FIG. 1 so that a worker's acces-. 
sibiiity to right and left sides of each machine tool is lim- 
ited, or in the case where;.1here*is employed ari 
automatic tool supply system in which a. self-.prope,Ned 
5 vehicle for tool supply travels.along a path on the front 
side of the plurality of machine tools. ^ x ," . t , 
[0098] The intermediate transport unit 100 is mainly, 
composed of a transverse positioning mechanism 102 #/ 
aivertical positioning mechanism 103, and a front/back 
10 .positioning mechanism 1 04, whicfo positipn.the interme- 
diate socket 101 in the. X -axis, y-axis, and Z.-axis direc- 
tionsri> respectively.,. The . transverse, M ^positioning 
: mechanism t ,102 includes upper igndjower gui0e o rails 
~1G6avand- 106b dispose lapnzontaUy.at the. back of the 
15 >upper andrlpyver.Jrames 91a and. 9.1b to.be pargjlel.to 
^thecmagazine.9a Upper anjdjlower br^adjets 1Q?a an<J 
6t09bf.for fixing andsuppprting^he upper and Jowp^ 
noteverttcaHy/extenpJ^ 

Dgrally f ixedrto gui(de blocks 4p.7a and 107b, ^ wh)chJrav©l 
. 20 csrethecrai Iscl p6^and^1 0&x^ ? r , n: - o ■: > ■; m i • » c 

r[0O99]5 l cAs i shQWDjn i FflG.,8 k ^ fram.e 91^sup- 
^pcsi^ia s?rvpmotpi3-1 14 dispp§^ jn p^ailel to k the gujcfe 
Viraii r1Q6si\Tanci rptata^y^suisport^. opposite ends of a 
M!feed^aew>!l.12^ Tl?e setvpmojor, .1,11 p and^ the !; feed 
■'26 ^screvvh1v12 are connected Jwith^cl^ other, via a .rotation 
v ifransmissipndTiechanism t^1 13 including, pulleys, andla 
Sitimingibeltwound therearourjid. The f^ed'screw ,1 12 ^sio 
r^screwTengagement with^aontit i^ffxed to the. upper 
yi bracket : 109^ AcQordingTyidhjp^h^cbnV of.the t sei;yp- 
:,:30 ^motofi 11 1, ,the vertical guide eo$t ; 1Q^ cap ^ movaJ in 
Bth^crighVleft idirectiqnjrr^ intermediate 
b4ran.sportr socket' lOlj-jWhi^ with the 

egui.de ppst:1,08 injthe rightileft-dir^ction with a/ight or 
al^ffc row pf.thetool-holding holes 94 of the^magazine 90. 
?*35 [01 00] ,The vertical guideppst 108 serving as the ver- 
vtica^positioning mechanism-103 includes a frame mem- 
ber whose opposite ends are fixed to the brackets 1 09 a 
^and 109b and which has,a.C-shaped*xross section,^ 
? osliding piece that is slidable; within i.the frame merribejr, 
: -40.irand a feed screw which is rotatably supported bytth^e 
upper end of the frame member apd, is in screw- 
jd i^ngagement with the center portion of the sliding piece, 
f vQpetend of a housing, 1J5 is Jixedito the, upper end Of 
j rthe-frame member, and a c servqmotor r il6/s attached to 
■•: 45> tthe lower ,surfece of an . overhang at other end, of ^he 
^chousing 1 15^ The^housjng.liSjaccpmmo^^ rota- 
^' ; tiop transmission mechanism 1 17^nciudihg a ^imirig belt 
; andia R§ir of .pulleys. Sipce,the t distagce be^w^ejen the 
arm shaft SVand the interm^iate t tbo^s.o*e^ 
so --the. length of the tool change ^rra 83,^nb^ shortened, 
- . tool change.time can be^horteneid^hijoug^ aq^^cree^e 
i )( in rotationaUspeed of ihearm ( shaft b 4l . ^ ^ ^ :) 

[0101] * m The sliding piece ; fixedly ^ suppxD^ i^i alip|izpn- 
^tal state a front/back- guide : post.^ 
55: > frp^ackjpositioning-mechanis^jo 

allel to the arm shaft 81 . AsVstawn t>y r ^rtial/cjutaway 
- ^view,- similar. Jo - the vertica^ufdV^pbst 10*8, >t the 
frpi^ack;gi«de po^ .l^p^nclu^s.la frame, member 
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120a having a C : shaped cross section, a sliding piece 
120b*. and a feed screw 120c.' A servomotor 121 tor 
rotating the feed screw T20c is attached to the rear end 
of'tHe frame member 1 20a. 

[01 02] A socket holder 1 22 is f ixed'to the sliding piece 
120b : and supports' the intermediate transport socket 
101 'in such a manner that the intermediate transport 
socket 101 is rotatable about an axis parallel to the ami 
shafi.81. The intermediate transport socket 101 has an 
unillustrated tapered hole for receiving a tapered portion • 
Is of a.tool T (see FJG'.' 1 1 ) and includes tHerein-an uriiP 
lustrated ball-detent mechanism. When the tboPr'ls 
inserted into the intermediate transport socket 10lrtrW : 
detert methariism - comes into 1 engagement* with^aW 
elongated wiridbw that Ms formed at the taper^ 'portion] 
Ts and penetrated frorh the outep surfaces lot fie Hrtneri 
surface of the tapered portion Ts: Thusr; thelool & reli- 
ably held. 1 " : r ; ' : - 1 :v '-; 3 r -"' •^'•-O-c ™ ^n> semoo 
[0103] ;The* frbntyback guicii post 120 T is"moved veV^P 
caSy througri bperatibn of th^servombtbr 1 145, ^sb fHat" 
tt>© irt^rtv^iaWtransporf i56cRei101 r fS : pbs*rtidnkJ 
vi't cal fJosrtton c%rr^p6ridihg to the heighfotfthe smaft 
r^W'pbri»on :t 94b' dr the* 'large Kble^orte^ 
cie&t eel one of the tool-holding holes 94 of the toohrf&fcp 
a/rne 90 Further! through Operate 
12V me tront'baCk ! guide" 'post "1 20 '< c~ah 'pbSitrofV^fe 1 
intermediate' tr^rfeport socket lOi-at-any ^of thre^pt&P 
tions 1 . i e . a tool change position' show 
takeout pbsrtiori r> Where 0 the^* intermediate ] • transport 
sodket 101 domes v irrtb r %^ 

pbrtrbtfts of bne of thfei tdols Afield in the fcbrmagazlHfe 
90/ arid an index posfti&n which is orf^et*rearwar^1forn 
the tool takeout position ty^^ 

thaln the length of the tapered portion Ts; ^ ^r, ! — ! 
[0104] ■ Further. through use dfVfastening plate 126; 
an elongated cam plate 125 & attached to the top 'sur- 
face of the frame member 120c of the front/back" guide 
post 120 in parallel to th6 top surfacel As shbwn : in FIG. 
4, a cam groove 125a is formed r in the cam plate -^25 
such that the cSiti groove 123a changes in vertical posJ- 
tibn as it' changes in longitudinal position: 1 The^catm 
grdbve 125a guidesTa spherical boss of a lever I^JHfrStt 
projects from : me j: interm©diate transport socket- TOPih 
trife radially ouW^ intermediate 
tfehspdrt socket '101 is' moved- Between : the above- 
defecribed^tbof takeout 'and tool chafnge positions, * : tr1e 
Jdver 128 J of the iriterm^iate; transport socket 10T r is 
turned along trie'eam groove 125a? so that the rotational 
arSgiS of the tool T Held in the 
irrterm^iatG transport 'socket 101 is changed. 1 " 
[0105r 9, N^ begiven of the operd- 

tiori 'orth^ trie abdve- 

^^cnb^'struSure:' ' 1 '' * "'" c " : '' ' :c '"' " ''' : r; ' 
[01 1 06f "At* trW original pbsrtrdn shown in the d rawi ngs, 
the ;spindle : heSd 2& r ts- located at the tool chang^pdsi- 
tion defined at the right end in the X : axis direction; and 
si" n^w : tool T that R!^Been 0 attached to the tbol spindle 
25~6y 'means oflfte 5 f6oP change arrh unit'BO' is fixedly 



held at the tip end of ^the tool spindle. 25. The workpiece 
support body 37 is located. at the most elevated posi- 
tion. The first index member 45 is in a position where 
the clamp 55 is directed toward the tool spindle. 25. 

5 Moreover, the second index ^ member 53 is in a position 
where the longitudinalj.dir.ection of the clamp 55 in an 
undamped state coincides with the. X-axis direction. 
[0107] • - When a pallet P supporting a workpiece to be 
machined isr engaged with the clamp 55 by means of an 

io> unillustrated 1 Moader unit- which- moves in . the X-axis 
direction, a machining operation is performed as follows 
under control of the numerical controller NC. 
[0108]= First-through operation of the clamp cylinder 
56, the pallet Pi is^caused to seat on the.second index 

is member 53 andris then clamped. Subsequently, the tool 
spindle ^S is rotated by;means of .thie. unillustrated built- 
in ; motor, -and'simultaneously. -the -spindle head -20, is 
mbvedileftward'in:^IG-1 by means of, the servomotor 14 
indrdferto face the:workpiece<W: -Subsequently, through 

20* operation .of fthe siervomotorc2 1?, ^the- spindle head- 20 ,is 
advanced tow^rd;theworW>iecehW^ -y- ■ v.-^- 
[0109]?'- Meanwhile, the workpiece support body 37 is 
lowfefed~through? operation: ofe the senvomotor .40; and 
the^first and second index members -45 and.-53 ,are 

25 indexed by;mean^ of the f irst and second indexrmecha- 
nisms 44 and 54 in order to direct a portion to : be 
machined tof itrre' workpiece rW 'to .theitoo^ f. Through 
proper operation of-lhe first^ancfesecpnd -index mecha- 
nisms 44-land 7 54,i alh surfaces rof Jhe workpiece W 

30 excepting trr^surface^on attachment to the pallet P (five 
Surfaces in the^case where the workpiece^W is a rectan- 
gular hexahedron) can be selectively directed to the : tool 
Tiat^a 1 desired. angle. Further.^through combinatipn of 
^bsitioning ofJthe spindte bead 20 to an arbitrary posi- 

35 tibn-in^a horizontal-- X^Z ; plane and positioning of the 
workpiece support body 37 toian arbitrary vertical posi- 
tibn, desired machining is effected.on a. desired portion 
of the workpiece W. ? . > . ; - , j ^, 

[0110] : ;SinGe the workpiece -support body 37; is;prp- 

40 vided at substantially the center in the right/left direction 
bPthe^base 10 having a substantially rectangular paral- 
r^epiped shape; during^theimachining operation the X- 
Ixis f -slide l^and the spindle: head 20- are positioned 
nfcSf the center of the baserlO in ithe: right/left direction 

45 (X-axis" direction). Further^ since\the pair of guide rails 
36 of trte wbrkpieceisupporit body 37 are disposed sym- 
metrically with respect to the vertical.plane including-the 
axis of the tool -spindle 25 positioned atthe centen in: the 
X-axis^direCfibn, the guide portions of each of the X-axis 

5b s1ide>12;'"the spindle- head 20, -and therworkpiece sup- 
port "body ^37 assume r symmetrical positions with 
respect to the tool spindle 25 in the right/left direction 
'(X-axis direction) during 1 the operation of machining the 
"workpiece W. therebyrstronglytwithstanding machining 

$5 resistance. That is; sincere: workpiece W and thevtool 
spihdle* 1 25 arerdisposfed substantially symmetrically in 
the X-axis direction, thermal-deformation of the base 10 
has ah effect^ohly in the Z : axis direction, and adversary 
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effect of the thermal deformation orito machining accu- 
racy in the X-axis and Y-axis directions can be mini- 
mized. * :f: ; ;ri 
[0111] Chips produced during'the above-described 
machining operation naturally' fall ^own to the bottom 
portion 10u of the V-shap^dlip^dblle'cting space CP 
disposed on either side of the first* index member 45'. 
The chips are then sucked to the transport passageJ63' 
from the suction port 62 opened to the bottom portion-' 
10u and are then air-transported to the rear;side;of the : 
base 10. The chips are further transported 1 to the dust: 
collector 32 via an unillustrated pipe. > 1 -v ■:*%. - -a 
[01 1 2] Upon completion: of the^maohining by use 
the tool T onthe tool spindle 4 25,ithe/spiridle ; heac* l 20 ts~ 
returnedtb the tool changes position sbowrvin FIG.Mlv At 
this time, the intermediate transport socket ^O^holdS'ta- 
tool t to be used riext.twhile behag ! positioned. at;arf an- i 
thest 1 retracted tofcl' Change position feshowniiniFiQ/'.S; 
at which -point th£ itaerm^iatei transport) sockets 01: is 
symmetricar- : t6' :i th^aibds"^f:-theictoc^ spindfe:-25fjwith: 
respect to the arm shafts *j-.tlpon completion iof retrace 
tioh of the fcpindle hfead 20 to tfo^tooli change position^} 
the servomotor 85 ^of th# tooJ fehangei arm?unil-*8Q/isi 
-operated? in order to-'drive thevcam-type drive rnecha A r 
riisrrr : 87 ^aCCCTmrnodated Within the) housingy8^of -the. 
tool change-arm urnit'80. :; rrb o n *3 c-^e ^ 3ricrn 
[01 1 3] T The^rm shaft '81 rotates. couinrtercloGkwiseini 
FIG.- 3 by about 60 decrees; in order to rcauseihe tool; 
change arnr 83 to simuttanteocisly grip the^toohhekUn; 
the tool * spindly 25 &i^the4oorhfefci >in the^ntermedjate 
transport sbcket -1 01, oby?use of 4he? gripping portions 
83*ap provided at bppositeeendsJof the tool ohange^arirr) 
83. Subsequently,' . the /arm shaft 3d -advances toward 
the housrhg 82 by. a predetermined amount in order-to, 
pulPout the tools, and furthest rotates in the same-dinegr 
tion by? 180 degrees. Subsequently, the arm shaftBt 
'retracts- by a predetermined amount in order to. insert 
the tools T, which have exchanged- positionsHnto- the 
tool Spindle 25 and the intermediate transport socket 
101:* Ah uniltustrated tool clamp mechanism. bMilturjto 
the tooii-sp1ndle>25ireleases the tool =T simultanepusiy 
with' the completion of the 60-ctegree cpuntercloctayise 
-rdtation ^ofJthe-arm:^aft^1:- and; clamps- the \oo\yJ 
against the' tool spindle 25 simultaneously with the cqh-i- 
pletion of the retcaetiorv movement Of the.armi$l\aft 8V.> 
[0114] ■? -The arm shaft 8 Kthen-; rotates- clockwise by 
about 60 degrees.'fso that ther tool change arrn, aa js 
returned - to the, vertical position. Sub^eque3Ttfy,- ; i;9S 
-described above, the spindLe^read,-20 is^fed Jeftward to 
a machining position facing the workpiepe-W^orde&tp 
perform machining operation through use oMhe -new 
tObl : T % c' : ^fr~ %3 lr ■ * - y ~* o~ 
[0115] Concurrently, the intermediate transpotfcunit 
1001s operatedr*First,*the;servomotors 111 and 11&of 
the^transverse positioning mechanism, ) 02 andth.e ver- 
tical positioning mechanism ;1 03 are started simultane- 
ously in order to move the intermediatetransport socket 
101 such that the>oid,took-Ti held ins-the intermediate 



transport" socket 101 is aligned with, the center of the 
large hole portion 94a of an empty tool-holding hole 94, 
to which the old tool T is to be returned.,Subsequently, 
the servomotor 121 of the front/back. positioning mech- 

5 anism 1 04 is started so as to advance the intermediate, . 
transport socket 101 to the forward'most takeout ppsi- ' 
tion. During, this, advance movement, the lever 128 is 
guided along. thecam groove 1 25a of the cam plate 125, 
sathat the intermeidiate transport socket 101. is rotated t 

io by a predetermined anglie^on the socket holder 122. As ( 
a ; ,re£ult,.the keyway Tk ,of the tool T is directed t ih a ( 
downward jgiirectipn .when the topi T. arrives at .the tool 
t^oirtpqsitipn, ; ...... V\ t , .', " A :J M , - 0 \ 

EQ1 liCflw In^thls state, th§ servomotor 1 1 6 { of the vertical 

15 pcp^fefling ,mephanisni .1 03 moves the, frprjVb^ck guide, 
pQ^,;12Q -downward such thatthe holding groove Tm pi 
tfte^ot f JoP n ^hejnterm^iatq, transport,^ 
comes into engagement with arcuate brim portions 94c 
QH^ (Sr^l-ho!e:ftprtpn .94b of .the tqqi-boling hpje j94, 
wjth fee result thatthe ; yxiT is.seatedpn ths tool mag- 
^.n%^- The -dist^nce^of ,the,dwnward r rnpv^ment is 
equet) the distance* between, the .center.pt the large 
bole portion ^a^apdthe center e of the small r hole portion, 

front/bacK-positipping ( mecl^gism-1 04 retracts the inter- 
mediate itransport, socket ) Q.1 \Jrom : the takeout position^ 
^apredetermined^di^an^0 in Qrd^rto return the .inter-, 
Pfij?!Cjiate , transport^ -sp^^riil0^4 0 vv^ e i^^!^ position. 

3& wjn,ecejthe socket l^l^s^acat^^f rppri the tool T.. . After 
ftiSTfturn:,motipn t ,a^ Qfjhelrahsverseposi-. 
tjoningcmecr^nism^ ip2 r ;and r ^e ; vertipal positioning! 
mechanism 103js op^at^in-or^ertoalign the empty 
intermediate transport socket 101 with a tool T on the 

as topi magazine .90 to be used, next.. : Subsequently, the 
front/back positioning niechani?m 104jJs operated to 
^lyancethe intermediate transport .socket io i^fronri.the 
index position Jo the ( , tool tak^out.jpositipn in order to 
receive and hold the^ooJ T to be,used next. " 

40 [01 18] The vertical positioning mechanism 103 is then 
aerated to-move upward thatool T to be . used next that 
^as been received and held r by the-inte^m^iateWn^ 
,portsocket 101 , by a xJi stages CQgesp^n^ing to the ^is: 
tance between the x.enter, ; .ot. the -large, hole -and \thp 

4$ center of the.smalj-hole of the tool holing hole 9^, .that 
the tool T^iSjroqyedffrom.thegtooL magazine.. 90, to. Jth^ 
intermediate transport sogtoat 1.01 s further, ^ thVintei^mef 
diate transport socket -1 0-1 l^iajetractedjb tb.e, Rearmost 
position -by means of th^ifron^teck|)o^ 

50 nism 104rand : ^s then reiturqed I to the tool ^a^ge : pQsj- 
tipn shQwn>in f=4G..8 t[jrough : opeiat^ at jeast one of 
.theiVertical positioning. mechanism 1 J 03, and. the/transr 
verse positioning mechanism 102. In thip.jitate. -a next 
Operation- pi the v tooUchanfi(e. ; arrn ( ^S. - ^ awaited. 

55 . Jhus: single eyeje of tool change, ogeratior) is .cqm- 

JOt.1 1 9] • i^jQ^f 3 shQwStanother ^^odiment of the tool 
; rnag^ne,90^The topi mag^^e^SjOO^ of .the present 
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embodiment has a ladder shape! A tool-holding portion 
94b corresponding to- the smali hole portion in the 
above-described embodiment is formed in the upper 
portion "of each of a plurality of cross beams 901. : A 
sjbace between cross beams 901 adjacent in the vertical 
direction* is used as a space for taking out a tool T. - 
[0120] In the abbve-described embodiment, the tool 
change apparatus ATC is directly attached to a side sur- 
face of the front portion of the machine body MTB; How- 
ever, the ' tool change apparatus ATC may be of a 
separatedVpe in which the tool change apparatus ATC 
is disposed separately from the base 10 of the 'machine 
bddy MTB/ln ihis^ case', the front member60 informed 
syr^metricali/ 'iri-'the 1 rijgtlt/left direction -*sucfi ! '1h'arthe 
front member 60 has a side 1 wall that covers -the right • 
end sdffacie'bf the Vight-VidVchip colledirig-spa'Ge'GP. 
[0121] In the tod change apparatus ATC of the above- 
described ^ uftrt^ is 

desighW Such thlit the tool chahge%fm 83 is' aligned, in 
the radial direction of Mi'spindld, with rihe r tip end^oT^he^ 
tboV spindfe" 25 ! at : the tobl Change- position, £and ' the 
housing 80 including the drive- seckidh- for sthe^tool 
change arm 83' is^dTsposed frf-a 'nbn-overfapped ^n- 
ner. Therefore, there 'can; be"d^ 

' between )h^ f axjis ;cif ; the : tcxil * spindle^'S ;'at neO'tooP * 

change j^sition;and the arm shaft gl\ire?,4h^rehgth of 
Ihe tool chknge^arm S3. 1 A^'a^result, iobl ehahg'ectime 

can be sh^rteh^thro^ 

speed of the ar^ T shaft ? 8^ * r - 3 ; _ ^ M0 ] 

[0122] jh the ^ 

described embod\ment7 f trte tobl r magazihe go^s^pro- 
vided at the i fronf of 'the mactiine4bbr T 
can be stored into arid removed frbrri the ma^^zih^ 90 

"from the front i\6e of } the machine tool through^ nfove- 
ment parallel to a tool T attached to the tool-spindle 25 : 
with the same posture a^ that of the tool T attached to 
the tool sptihdie 25. Further, the intermediate transfer 
unit 100 can take out ancfreturn tools T frorrvahd io the 
magazine 90 frdm^the rear side of the magazine 90. 
Therefore, setting'of tools T onto the tool' magazine 90 i 
is facilitated, and the structure of the intermediate s trans- 
fer; unit 1 00 cah be Simplified. ■ s - ^'f ' ( ' 010 
[0123] Furtherf thfe' tool* change arm unit 80,' the 1 tool 
mag^jn^ intermediate transport unit 100 

are Attached ttf a single base 71 so as to form an 1 inte- 
grated unit, and the attachment of the frit egratecl unit to 
the machjnV Is r petfbrmed through- 'only 

^ attachment ^of th^ b^se ? 71 tolhe machine body MTB. 
Jheretore^th^ trembly work as w6ll as subsequent 

^! f mairt J enah*c4;and ihsp^ioh'wbrk for the machine body 

^ IvlTB" ahB thia aufematlcf to6l change^ apparatus 1 ATC 

. become easier, 

' [0124]' ^ AtC of 

r the ^bgve;described embodiments^ 

to 'a horizbrt^ a horizontal^spmdle. 

Howev^r^t^ the 
J present irWIrtipri^h bi'applied to" a vertic&F'TTiatchine 

tool h^viria ^ Vertical fool spindle. lnihis : cafee; s fn c order 



to reliably hold a tool T in the tool magazine 90 parallel 
to the vertical tool .spindly, holding means is advanta- 
geously provided fcy ; ,each, tool-holding section 94b of 
the tool magazine ; 90 .such. that the holding means 
5 advances and retracts at .g location that is radially oppo- 
site the tool-holding $edion/94b. 
[01 25] Next, the operation of the machine tool having 
the above-described structure will be described along 
rwith the processing that.is actually performed by the 
10 ' ^numerical controller NC in accordance with, an NC pro- 
;< gram stored, in the: numerical controller NC. 
' [01 26] : FIGS. ,1 4 and .1 5. show ; f lowcharts showing the 
yprocessingthat is performed by the numerical controller 
r^NCiih accordance; with* an^NCiprog ram stored in the 
75 numerical controller NC. 
« [0127]>;w In step-200,] pne block of the : NQ program is 
Ov'read duioThe:processing : then prpce;e<Js,to step 202'in 
^r. order. tto makeva judgment as. to/ whether, a comrnand 
- ^ contained in rthe 1 readtout block of NC. program js^an 
20 ATC command<(too!, change* command) ; . . * .-. - 
f i:[0128] a A/Vhen the^ommand, contained in the readrout 
,-r blockis an 'ATC command, ,tlie processing pepceecjs to 
~ :,step t210,r and: when^theecomm^ the 
°ntread £ out block-is not an- ATC command^ thS;prpcessing 
25 proceeds to step 230. ^ rr-.-rwor- * z\ y^ioxi > 

^[0t29Y bin stepr2:1G^ithe^spindJe l ,head 20-is moved to 
? cthe tool/change position. _(the r position ri qf : , the, spjndle 
e^-head 20 shown incFIG,-3). OS bss' ^on.iir: * : ._ 
v'[O130] Subsequentlyrin step^12-a command for turn- 
3ff*n . ing. off; the? solenoid. valveSrl-44 iand 1 47 i& output to the 
-Ticsequenceccontroller^^SS.T-As^a. : result ; , the r solenpid 
ailrvaives twrand^AY^are closed ip pfderto stpp supply of 
-a vfair to theichip suction 1 appanatuses 30 and 64. t . 
ni 0[0^311 In step 214, the^splenoid relief valve. 166 is 
35 Bfopened Jin* order to reliev^ttorthe atmosphere air sup. 

'plied from the air pump 145? and theopen/clpse cylinder 
Zc 165 is operated to. open the chip falling-down ppening in 
5.1 ordeMo:discharge into the chip collecting b[n 1 70 ch ( ips 

accumulated in the chip pool section;; ; }r r - r >^ . ;ov - 
40^n^[0l 32] In step 216, rotation of the topl-spindle i §5 is 
3 : * estopped /and in step;217 l the servomotor 29 is driyeh to 
bssftiove^the- movable cover^28 to : the retraction end in 
^oo ! brder to previent^ interference between a tooLT.anG^the 
qe ^movable- cover 28, whrch would-<>therwise occur,; wipen 
450 the tool T is attached to or removed from the tool spjndle 
-.::icT5/ cc. ~r: < :. ?z I - :c > o: A: : •'; 
c/ii [0133] In stepi218, the tool qhange apparatus ATC is 
- ! Operated in order to exchange the. tool T held in the tool 
v -fc r spindie15 with.atool that is stored jn thejtool magazine 
so 90 and is designated by the NC program/: , Jt -. 

: " [01 34]^irAs described above, when an ATC command is 
^ if detected, ^steps' 210=218 are performed, so that the 
i * spindle head 20:is-moved to the tool change position; 
^ suction of chips by means* ofithe chip ^suction appara- 
55 r :tu"ses 30 and 64 is stopped;,ch*ps accumulated in the 
chip pool section are discharged into the chip collecting 
**> --bin 170^rotation of the tooLspindle 15^js stopped; the 
-1 movable cover 28 isTeturned tozthe retraction. endi-and 
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the tool change operation' is then performed, 
[0135] When the tool change operation in step 218 is 
completed, the processing' pr6ceeds to step 220 in 
order to read out the tool length of the tool T attached to 
the tool spindle 15', and'ttWn proceeds to step 222 in 
order to obtain a length' L' by 'Subtracting a predeter- 
mined length a from the tool length of the* 1 tool T 
attached to the tool spindle 15. 

[0136] The length L is a value indicating an advance- 
ment end of the movable cover 28, which value changes 
in accordance with the type of tool T attached to the tool 
spindle 15. The length Lis' stored unchanged in the 
numerical controller NCuntiPthe tool T* attached Goethe 
tool spindle 15 is replaced with axJiffer errMool Tafcstep 
218. • ■'"*' ' ^ !t - : ' — ' 3 n 

[0137] ' After the processing pfScieeds to st££*224 t a 
judgment is matJ&aS-to whether ^a nexfcbidckjaf tfo&NC 
program ^exis^'Wherv the 1 nfcxt rfctockn exists;..cthe 
processing' returns 7 to-stgp" 200 £ When 'thesnextiblock 
does not exist; We prdeessing 1s~> ended:. r-rrv noc 0 & v 
- [01 38] ^fierfrt is judg^irrstfcp 202 that the <*dfnrr$nd 
'contained iritfie^ead^olff blo'ckfS'rtot arvATG command, 
the processing proceeds to step 230 irvorderfo make a 
jiJdgmerrras to whether th^command-containediin the 
read-out block is a movement odrtimand/j: ^::sf?r.oio c?. 
[0139]- The mbvement<com'mahd~detected in step 230 
means a f dommaWfor^ifhovin^ thei X-axis;moving. table 
12, the spindle head 20, the^mbvable^cover^28, ithe 
wdrkpi ece'support -b&Jy^7 ;^he1irsiirdex>nember:45, 
or the second irWex^nh6m&er f 53. Where the- corrynand?. 
contained 1 irV the 'reacPbut ibldck is ar movement 'com- 
mand^ thVprocessing prdcefedsMb^stepsSSZ: Whervthe 
command contained in #tefead-out block is3iota move- 
meVit command, the processing proceeds to sjep ZOO in 
order to execute a command other than the movement: 
command and ATC comrriarid/'such as a command for 
clami3ihg r the pallet P onto the second index member 53 
or for unclamping the pallet P. Subsequently, ; the 
processing proceeds to step 224. .-vs s 
[0140] ^ln step 232; a judgment is made as to whether. 
f the command contained in the read-out block is a Z*axis 
command; i.e., a commancfcfor moving.thesspindle head 
20. When the command contained i n; the read-©ut< block 
j fs a Z-axis command, the processing proceeds -toistep 
' 233^ When the command contained ,in the^read-out 
block is not a Z-axis command, the processing: pro- 
ceeds to step 302 in:6rder to move, the X-atfs, moving 
table 12, the movable^over.28, the workpiece support 
body 37, the first index i*iember;45 ( or the.secondiindex 
member 53T • > : ' vu yt'zn-yt* \ wis >v c.r- 
[0141] In step 233>a judgmentis:made^sSto^hether 
th r e detected command for Z-axis'. mqvemenHsra rapid 
feed command. When the detected cbmmand:ts a rapid 
feed command, the processing proceeds to step* 234. 
When the detected commandos not a rapid feed {.com- 
mand, the processing-proceeds to step 250; r 
[0142]' In step 234, axommand for turning on the sole- 
noid' valves 144 arKU47 is output .to the sequence con- 



troller 158. As a result, the solenoid valves 144 and 147 
are opened in order to start supply of air to the chip sec- 
tion apparatuses 30 and 64. , -.•■.*••..,, x 
[0143] : In step 236,.the solenoid relief valve 166 is 
5 closed in order to supply the air from the air pump 1 45 
to the cylinder chamber 165a of the open/close cylinder 
165,. so that the chip falling-down opening is .closed 
through operation of the open/close cylinder 165.. ^ 
[01 44] With this operation, the chip suction apparatus 
10, 30 sucks air within the.movable cover 28. together with 
^chips.vwhjle the chip suction f apparatus. 6^ spcks air 
-\ <iwtWfht&B chip collection -cover* 60 ij^e^er'^t^qhips." 
f>j{01ift51; i^ftec.the.processingf proceedsijto step 238,.the 
:'-i;imoyat»l©5pyer,28-js advanced from its.retrartionend to 
i5:r!ran ^dyanq^rnent.end^that is forwardly o^jetjrbm the 
^etr^etipjtend by a distances corresponding Jo. the length 

si tQrtAGli ^n st^?40,,a-rr^emem 
ni .t^Z;axi^ seryo ^rj^Jier t53 jn.Qr^er Jo drjye the Z- 
rOid.a^^servomotor.21 §uc^. thaj.the ^in^e^hpad I 20 is 
^n^v^d a^i.rapidafeeql-fate to a pbsiti9n"depj^nated. by 
:oothe>Z r axi£ command. , /ro 3 j> rt ^ . . 
huJOiI ftib^^n .the rapjcj fefd in step 240 is.pornpieted, 
9ortk£P^o<^ssing^^ "... . '[ 

25ocI0J49] rK When it js jLidged in step,233 that the detected 
to .Q^mandis not r a rapid feed^corrvriand^rotatign of the 
v.i-tpalrspjn^lepIS .ig ^arJ^, in-step £ 250 l . because the 
iar dete<2ed^cx>mi^ command. 

[0149] After the start' of rotation of the too) spindle 15 
309v4TCiStep T 25O;rthe^ step 252 in 

-oioprdjerctp Q^put^mpve' ^nfma^jfo/the Z-axis servo- 
T a^Qr-ISS.sq astorjiove SFHndle ; head 20 to ades- 
oe *9^ated;posbion at a d^ : ighated feed) raje. _ 
ev.[0150] In-step 253, processing/or moving the movable 
coyer 28 is performed. FIG. 15 shows the details of the 
:i t^rocessing for moving the movable cover 28. 
:T.;[QJ51]i - As shown in FiG. js, in step ;i 254, a signal put- 
*H*PMt^from the encoder 254 is detected to" obtain the 

present position of the spindle head 20. 
40? 4Q152]" , r Jn step 256, there is determined a ; difference 
. 3n : be^veen the thus-detected present position of trie spin- 
dle head 20 and the prwious positiop^of the spindle 
loorhead 20; i.e., an ampunt At of movement of the spindle 
. j0 head 20, In step 258; the movempntambunt Atls acJded 
45 t -to the total move amount t of .the. movable" ccwer^dur- 
.ingjhe.-cutting feed ;i ..... ... . ^ „ , , , aV ,,. 

y -n- [0153]; . t ln step 260, a judgment is madi as to whether 
9; Jhe total moverrient amo|untVis,sTOllerjthan.z 
Vi^jthe^tqtal movement arriount . ■p^fT^i^t- ^iari ^zera^ * .tHe 
so cc movable cover, 28 has reached )ts n||rarti^ this 
r 'Aca^e^ in step 262. ttye. 3 totaL^rii6yemeM ( amount* .t* is 
replaced with zero, and in step 264rthe„mpyaWe cover 
v. --28 is, moved -to the. retraction, end. SMfis^uentlyr.fte 
r . vproce^ing f moves to step ^2,74. /...^^ ic \ ; 

55 ■ :: $^}ZS-yft\er\ the -total 'movement; a^^^ is not 
3 r ; smaller t|ian zero', the, prope^ng^pr^eedis to step 266 
.. r r -i^'Or'def. to^make ajudgmerrf r a^to^whefher ^ value 
■..j - i: ^taiged -.through subtraction .gt' ihe 'total n}6vement 
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amount t from the value L indicating the' advancement 
end position of the movable cover 28*is'smaller than 
zero: When the thus-obtained* value is smaller than 
zero/ the movable cover 28 has reached its advance- 
ment end: In this case, in step 268, the total movement 5 
amount t is replaced with the value L indicating the 
advancement end position of the' movable cover 28, and 
in step 270, the movable cover 28 is advanced to the 
advancement end! Subsequently, the processing moves 
to step 274. ' ' ' - 10 
[0155] When the Value obtained through subtraction 
of the total, movement ambunt t from the value li indicat- 
ing the advancement ehdf position of thV movable cover 
28 is not smaller than zero, the processing proceeds to 
step 272 in order to move the mbvable coyer 28 by the is 
movement amount At and then process to step 274. 
[01 56] In step 274, a judgment is'made as 'to 5 whether 
the spindle head 20 has reached a designated position. 
When the spindle H&td 20has ^reached : the r design^ated 
position, the processing for moving the movable' ! £bver 20 
2S is ended, and thej>rocessing proceeds to step 224 in 
FlGL 14.%he^e^inS the 
designated F^sitibn,'^ 254 
in order. tQ repeat the "processing to step 

274 until trie spihdTe head Soreacfres the designated 25 

position. .„ ^ ( „ . ^ _ 

[0157], ' 'As„ v deikribeti/ through 1 ? rep<etition of the 
processing frptiJsM^ 

cover 28 can be! mov^C ^ with 
the. movemert of thfe';^ the so 

distance between outer 
circuVerenc^ 6f ' the wprj^^^ 
constant, so' fhat chiffe'cari be sucked under" most effi- 
cient" cbrxiiti<D.ns; wfnile jnteHer^nce; with the workpiece 
vV is avoided. '.* ../^7" % ,. '\ 7. \* .7 7, 35 
[0158] In thCpresent>mbodim spindle head 

20 is advanced" and ret'ricted with respect to the work- 
piece W. However, the workpiece W may be r advanced 
and retracted with respect to the spindle head 20 which 
is fixedly disposed '6h/the"bas^' *'. r ;' v * '~ 
[0159] Suriion of chips by meahs^of the'chip ^tiction 
apparatuses. 30 and 64" is performed while the'spindle 
head 20 is mby ^;at;ajapid feed rate or ^ cutting feed 

;.rate : \ '.^'j V, 7', • ' \ -VTV . 

, [0160] ,Jhe chip suction apparatus 30 sucks air within 35 
the rhovable^Qpver 2j£in?ordfer to^uck : chips located in 
the vicinity c^the^qol T into Vrii movable cover'28. The 
thus-sucked bhips are irarilporteci to the dusVcbllector 
32 via thejnterior^of the chip suction apparatus 30 and 

!the flexible pip<e 3 ) ' Thusf the "chip§ ard Collected in the - so 

7dust c^U^ot32^ : ^',^ _ ; " v / 

' [01 61 ] The chip suction apparatus 64 sucks chips that 

, have fallen dpwo and transports the suc&eci chips to the 

1 dust coliertc^\32 : in tha^me mariner a$, in the case of 
the chipAuctTqn ^ f b $? x x fk tf$ s are co1 " 55 

lected Tn thja'cTu^lL ggfleptpr^^l , J 7 . ^7\* f ,"i 
[01162] . the c^i^co 1 !^^ in^the'ffo^t 'cJollector 32 
accumulate in trie clip pool section^ 61'! While air used 



for suction of the chips is caused to pass through the f 
ter 190 and is then released to the atmosphere via the 
air duct 176. When the air.- passes through the air duct 
176, the air absorbs heat at : the surface of the fin 177 
and discharges the heat, to, the atmosphere. Thus, air 
inside the control bqx, : 1 734s, cooled. 
[01 63] This structure reduces the number of cooling 
devices for the control box 1 73, and in the case of a con- 
trol box 173 which generates a . relatively small amount 
of heat, the cooling devices can be eliminated in order 
to decrease the number of parts and the size of the con- 
trol box. ': . v :C ; 

[0164]' -Obviously;, numerous modifications and varia- 
tions of the present.invention are possible in light of the 
above- teachings . It is: therefore .to, be understood that 
within the scope of )the appended claims, the present 
inverrtion may^be practiced otherwise . than as specifi- 
cally described: her eirr. . s-rt; w. ■ ;crt . , 
[0165] A horizontal machine -tool has . a spipdie head 
whicfr suppbrts a ihorizor^tal: tool -spindle.; The spindle 
head is guided on a toplsurface.pp/tion of a base such 
thaHhe spindle head is. movable in two, horizontal direc- 
tions and Z;:iA~workpiece:suppojixfpr: supporting a 
wbr^pieee 'on its upper ;end is -guided.; on the vertical 
front face porfibnoHhe base for, movement :in ; a vertical 
directiorf^ V/ ' When v the f spindle he&cUs, located at a 
machining position, at the center in the?X direction, a pair 
of guide portions oieach bfiarfront/bacKguide mecha- 
nism for^th^^spindlefhead^and a ? vertical guide mecha- 
nism fdr'the wdrkpiececsuppont txxjy .take symmetrical 
positions with respect to a vertical plane including the 
axis of the tool spindle. A first index member and a sec- 
ond index J member 'fori (Supporting the, workpiece are 
provided on the workpiece support body. Therefpre, all 
surfaces of the workpiece excepting an attachment sur- 
sface^n be machined while being directed.tp a tool on 
^the tool- spindle. The horizontal -machine tool has an 
automatic s tool £ : change apparatus including a tool 
change arm unit, a tool magazine, and an intermediate 
transport unit. The tool magazine is disposed on the 
" : ffdnt side- of the machine tool and on one side of the 
Workpiece support body^f in: the X direction, and is 
designed such that a plurality of tools can be stored into 
r arid rerhoved from the magazine from the front side 
thereof. " lf - - r v 

-Claims"" •is- ^0 
T -1? A h6rizontarmachine;tool comprising: 5 : 

A:K c > a-base havinig a top surface portion and a ver- 
tical front face pprtion extending from the front 
side of the base and having an upper surface 

r . pi;.' ~ lower than the top surface portion; .<.:< 

a spindle head-which supports a tool spindle to 
be rotatable about a horizontal axis perpendic- 

vt-'!. b.v U | ar to* a vertical plane including the vertical 
. .» ; t frohtface portion.of said base;.- 
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a first guide mechanism for guiding said spin- 
dle head such thai said spindle head is mova- 
ble in a first direction* perpendicular to the axis 
of said tool spindl'e;» ' 
a second guide" mechaniim for guiding said 
spindle head such-that said- spindle head is 
movable in a* second direction parallel to the 
axis of said tool spindle; : . •; 

a first feed mechanism for feeding said spindle; 
head in the first direction; - . - : 

a second feed mechanism for. feeding said 
spindle head in the second direction; 'c: ^-i 
a workpiece support provided . on the vertical, 
front face portion of said base .and rhavirjgoa 
workpiece- attachment portion i; at *. a -position, 
' 1 above the top surface^portidn of;thabasey,Hr,\ 
: : - : a third^guide mechanism-foqguidingrsaidiwpckn 
piece support on the ver.ticahfrbnUface portion 
1 - • 1 for movement '* in a third direction, which/js a 
* ' " vertical direction' perpendicular toctbe. fjrstand 
- * * r second "dirfe'ctiorfs^andcjc: £ r~ ^nu^ at b? : >r 
■3: n a : third'feed mechanism-iordeeding' said-'work: 
: ' piece 1 sUpjport-irPthe third directioli^whereby^:; 
1,; - r saidfirstand second guide imechanisms guide 
said!spindre*'head^ 
r i - is J movableMh the^feUarid;second directions 
o.t c- ^ "'iritersecrting^'perpendicularly^ in^a choniz^ntal 
: ' plane; whiiesaid^hird iguide^mechanismguwdes 
said: won^iec^csupportrsuch^tfia'fe said r wprk : 
3 r piece support isi;movableHn> : the vertical-third 
: . ^ : -'direction^ £■;-'! & or ra-?c.*v < 4 iiv -^oiUsoq 
3 .-* ; is r^-n : i>n fatir A ^ y,*. loot I . )z sks 

2. A hbrizbntal^machine.itool: according- to^Glaim n rt, 
wherein ''■>■'" • oo^a o>^.c - *tii :> ~rdv.*;q 

c - • said third gaide mechanism is disposed-onthe 
i? ; -vertical front face portion -of said base atctfoe 
- : & f approximate longitudinal center oft a guide, por- 
n jrT. •«tion M that constitutes said first guide mecha- 
o-nism;- c - i ; rcip-.s: 

X s v c-said second guide mechanism indudeg a-ip^ir 
- { ^ bf-guide portions f that;are separated iri thefij^t 
! v«: direction-! and symmetrically disposed ;^.wj$h 
: , - v i respect to a vertical plane including jthe axjs f pf 
said tool spindle; and ] - < - r 

said third guide mechanism includes a pair of 
guide portions that are separated in. the-JIrst 
direction and symmetrically disposed with 
respect to a vertical<plane includingtlhe-axisiOf 
said tool spindle when said spindle head is 
located at the approximate centeppf the guide 
portion of said first guide meGhani£rn. 
. . ' , • ■ ** ^ 

3. A horizontal machine-tool according to Claim 1, 
* "wherein said workpiece support comprises: 

a support body which; is guided.jDy said third 
guide mechanism on v the vertical front face por- 



tion to be moved in the vertical direction by said 
third feed ; mechanism; 

a first index member, supported at an upper 
portion of said support body such that said first 
s >- - index member is rotatable for indexing aboul t a' 
vertical axis; a second index member sup- 
ported on said first index .member .suc^i .that 
said second index member is rotatable. for 
. indexing about a horizontal axis perpendicular 
w to the vertical axis, a workpiece being attached, 

■„ • «.to^said second jncjex member; ( , . 
-xoicr'i a first index, mechanism for, rotating said first 
■eve -> .^ij^fix-pefaei iri ordejr^fo jndex said' first index 

75 eMi t c a? ^e^ond^iQde?t rri^hanism fbr' rotating said 
r%??^d i ind^ (i member : in order to index siaid 

noiTiycc b'-i ^.h -.P&n • t *-■■-; " , * — • ; - **■■■* * . • ->* 

fe/^.^ri^f^ti??^!^ too? .^<xon^ng n t6 o Claim r ;i ; 

9Mj .^nc^-^^©rtMl^ror}t^ce_port said 

fief.? of ;t»op .af vsaj^^ir^t *gui§e .mechanisn^; - ! ? . 

25 bsi^npjV^R ipdin^^pprton ^js formed^oh 3^1^^' one 
side of said vertical front face portion such that 
3 It ; trje inqyned^c^rticjn inclines downward from th^ 
a idrvo ; : *9P j" s y*c£pprt^ ?aiS basje toward 'the 
dfrrj -frpntside pf^said mac^ '/l s ' ' " 

30 a Hj e-nt? ^P 11 * is^remoyabiy 'at^ceh@d to the 
iftiuo" sr!^M f ^§^5aid ( b^ frorif|heM)er h^y- 
byr j,l^.Jing,/anriacUn cprr^pohdirig^td the 

:£ . vt inc[ined*pp^ order tofonmB 

•rcBi'-js 7 V-sh^.ed chip .^ILerting ^pace 6n at le§St one 

;35 " " * " J S jd e ' 0 f said workpiece supportln the^irst direc- 
ht-^- ; ^ 4'P n » sotha^the borizpntal cross-£6ction^l area 
#: *," rf v l r . of said'^ phj|p^.toy^ioh ' [ >pape gradually 
rvc - • ■ decreases, downward. , 

ft; 3m" w \ ; i ::n . j f- ! '!" ; ^^ '--•-r .*!-•■. -^^^ 
40 5. A workpiece-support^feseq mechanism for a hdri- 

nc.' 4 r> z 9 rrta l machinQjpP^in [^which a spindle r he'ad which 

s ^ n " v supporte a tool I Vpmdle to be rotatable about a hori- 

C£?et zorrtal axis is .guided oh a.'tdp suHafcVora base 

such that said spindle head Ts movable irVa ; first hor- 

45 , jzontaLdirectiqn p.erfjendicular to the jixis f of "s^jd 

r w^tool spindle and ^in a, second horizontal dir^fcti'pn 

v , parallel to the axis of said, tool ^^indie; aaid wdrk- 

. piece-support feed mechanism comprising: ' : 

50 Z.tr.] r ^at Jeast two &earjng ^bSoci^^fbceid 1 tp[fa '^ferfioal 
front face portion of "said b^e"sudh\'that said 

, bearing blpcks are spaced in the flrsthSrizorital 

..... direction; . , _ % . . \ 

; . c . . a pac of linear raHs'gu/ded^b^ ; ^ld^ bearing 
• r ss , ... . btocfe,tp^belfnov&r€? ^ih ^ vWrti^direction; '* 
•* a workpiece suppdrt k^f^x^ to said' linear 
.., rv ,,,rails f ar4r\aying"at^ ? u^^ cylindrical 
I * »! 3 ^R°0 io n»r3 V^rt'^UPl^feyncfu^jhg the attach- 
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ment surface of said linear rails passing across 
the approximate eerier of said cylindrical por- 
tion; ■ 

n ' a workplace 'support 'mechanism provided on 
said workpiece support body; and 

*' ; a vertical feed mechanism including a feed 
; screw that extends vertically on the side oppo- 
site said [ bearing' blocks with respect to said 
workpiece support body and that is adapted to 
vertically feed said workpiece support. 

A horizontal machine tool according to Claim 1 , fur- 
ther including an automatic tool change apparatus 
which comprises: 

a tool change arm unit including an arm shaft 
supported by a housing, a tool change arm 
attached to one end of said arm shaft project- 
ing from said housing and having a tool grip- 
ping portion at either end, and a drive ; 
mechanism disposed within said housing and 
adapted to rotate and axially move said arm 
shaft; 

a tool magazine for storing a plurality of tools 
such that the tools can be taken out from said ' 
tool magazine; and 

an intermediate transport unit for transporting a 
selected tool from said tool magazine to a tool 
change position where said tool change arm 
can grip the tool, as well as for receiving a tool - 
that has been removed from said tool spindle 
by said tool change arm and returning the tool 
to said tool magazine, wherein 
said tool change arm unit is disposed such that 
said arm shaft becomes parallel to said tool- 
spindle and that said housing is located on the 
front side of said tool spindle of said spindle 
head located at the tool change position. 

A horizontal machine tool according to Claim 6," 3 
wherein said too change arm unit is fixedly dis- 
posed on said base such that said housing of said 
tool change arm unit becomes parallel to said work- 
piece support. 

A horizontal machine tool according to Claim 7, 
wherein said tool change arm unit and said tool 
magazine are disposed on the front side of said tool 
spindle and parallel to said workpiece support on 
one side thereof in the f irst direction. 

A horizontal machine tool according to Claim 6, 
wherein 

said tool magazine has a plurality of tool-hold : 
ing portions for holding a plurality of tools such 
that the tools are parallel to and oriented in the 
same direction as a tool attached to said tool 



spindle; •.- . pl- 
each of said'tooi-Jiolding portions being capa- 
ble of receiving a tool from the front side of said 
machine took and- allowing the tool to be taken 
out to the back side qf said tool-holding portion, 
while passing over said tool-holding portion; 
and 

said intermediate transport unit being con- 
structed such as to take out a tool from said 

.tool-holding portion from the back side thereof 
in order to transfer the tool to the tool change 

.; position .where; said jopl change arm can grip 
the tool iand : to return a .tool that has been 

! received- by said tool; change arm ( to said tool- 

^holding. portion from pe back side thereof, such 
that the tool is held : at said tool-holding portion. 



. 1 1 to A'Jiorizontalrmachine tpph according to Claim; 9, 
wherein said intermediate trf nspprt unit cpmprises: 

to? bis:* an, intermediate rtpanspprt. socket, capable of 
;r> b .tnc removably holdingr a^tpql in trje same manner 
; * ; ras imthe;case where.a tpqljs held jn said tool 

Spindle; - : ' — --5c i_. rip:-. )- ro ; r~. - : ; 
\v\r- r -toe a front/back positioning. igr^chanism, for moving 
J+ v.- ^^saidjintermediate^^ 

or-*;: >: tahdirection paxajJellpfhe axis-qf said tool spin- 
es-, ."dle;.e:;c •> c..'r>sr«3 i". srnesrx; vb£ 5 
i\r,o 0-;:; a, verticalrpo^tipr«ngc^i?&aRisrTi fpr moving 
said front/bax5kj pos&pning, mechanism in the 
vertical direction; and 
r r'-i.V'j a ^ transversa po^oning mechanism for moving 
stsaid vertical posaipni^'fn^feanismjn a hori- 
zontal odiretfioBrpe^per^ the axis of 

esaid tool spindlp;:No cr iot , -,c v 
:-■« > < wherein c said? transverse i: positioning 
mechanism and said vertical positioning mech- 
anism operatedn a ^prdinated ( manner: rin 
border dtoi -align said- intermediate ^transport 
socket with a desiredctpol pnjsaid v 4Pfilyriaga- 
-zine; and said.\front*>ack positioning mecha- 
.vnism: operates, in Qfder r Jq cause said 
intermediate - transport sockeJ ,to. hold ,the tool 
• aligned therewith and to transferee held tool to 
a rotational plane of said tool change arm. 
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1 lii'Ai horizontal .machine. -tool ^aocorcjing to Claim 6, 
wherein jr.-.. -^.-vi.'. -or *<•* ;* ■•: 

■v.'slO osaid: automatic tool change apparatus further 
comprises a substrate which is /removably 
attached to said base; 
z?. "ysaid base r supporits,said tool change arm unit, 
said tool magazine, and said intermediate 
: -v;tt transport unitpand - - ;iw * 
r said tool change arm- unit, said tool magazine, 
and said intermediatejransport unit are remov- 
• >: ably attached Xo said^machine tool as a single 
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unit through an operation of fixing said sub- 
strate to said base while maintaining a posture 
of said substrate such 'that said arm shaft of 
said tool change arm and said plurality of tools 
on said tool magazine become parallel to said 
tool spindle. * * '3w on 

12. A horizontal machine tool according to Claim 4, 
wherein a chip suction port is formed in the vicinity 
of a bottom portion of said' chip collecting space 
whose horizontal cross-sectional area gradually 
decreases downward; a chip suction apparatus is 
provided at said chip suction >port in order suck 
chips by action of air; and a chip- collection bin is 
provided in order to collect the Ghips-sucked by said 

"chip suction apparatus;' * ! ' ! ! ' - •< ; *>" : 

1 3. '' A horizontal * machine tool ' according- to*-' Claim- *1 2, 
: '^ [ further I 66rhprisihg:' -» ~t r -^< ,; ou-.-:: 



sucked* chips in order to collect the chips and 
has, an air discharge passage for discharging 
air to the outside; 

said control box is provided l in the vicinity of 

said air discharge passage; and.. 
■ a heat exchange member is provided in said air 

discharge passage,. in order to. transfer heat 
• from the interior of said, control, box to said air 

discharge passage.. 1it , . .... 
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j/rgj mbvaiDle' cover which fife* attached :to said spin- 
• r : dle h§ad in bitter to cftver said tool spindle and 
c ^ ij4 ri 'hnbvable : %i ' the -advancement/retraction 

direction of said spindle head- ^ j>\oot V; vti^r.: ,, .j * zr u; • > c ; . : 
friovablie^cdver ^eontroP meahsofori controlling. s 25 biss rno:r r:»; rr- -v .vo t 'Vo< . 

! cr Viov6rhehf of <said movable cover; based on the hr h :u - 

! amount ! of mbvemef^; Of ^said spindle head in 3 £n;r'Xk r -3i: -o* r.ccv?<- it-:;-;.**:- 

the advancement/retraction direction; and sod; ^ r;? ;r ' ^ c/^. r^-;. t c: 

; n :0g qghipS'stfctfofi^^^ chips ir.'is o.x •? - > >o; : -a-* ----fr-iw •*••■>•::.;- 

' ' withVn said r niovkbla cov^r: fc.83 30 ^0/ ■ :rJ j : ^v ;^ A r ~; 

bns ,nc<fc* tv;-:!--:-. ©logins lev; :;i.;? .tic*^ b^vrrr^, r;-^ 

A honzohfar-irnachinlg- toOfraccordingMo Claim 13, loof eiY £•>:.«.. ^v: ; ^c-.n", : 

whereiW safd r chipf fsUction ^apparatus :1or sucking • q ^ .-. :■, - 

1 chifbs within said movable covercand said chip sue- v. - •.. « ~r 

tion apparatus for sucking chips withinsaid chip col-^ 35i : . 0: £ ; . : - 

fectihg space share a common chip collection bin. srjrri . ; ;r . ( * , 

-7 ^ ye-,: < ^brj.v;: - ;. ir 

'A^horizontarmachine tool according to Claim 13, : c : 1 
"wtierein, during machining of- a workpiece, said 

"mo'vaible cover control means controls the move- 1 40 3 ^ » . tTrr 

merit of said movabre cover such that; a predeter- : ut^ / - t - - . 

mined clearance is maintained r* between said biss tc on = :c. '\ *;-^ .„■■* 

' movable-'cbver arid a front 1 face oMhe workpiece -?ia';>t i- c v l : y • v* vj m-, 
; regardless" of^the length of a tool held in said tool 
spindle and movement of said spindle head in the - 45 

advancement/retraction direction, whereby said ; - n c ;: 

; movable' cover 1 is moved to a withdrawn position at • - ^ ^ H: 



the time of tool change operation, -as . r - : co* '-i ' 

n ? n . *. 

16. A horizontal machine tool according to Claim 12., so 
further comprising: ' - * =^t * 

1 a' motor for advancingiand -retracting said spin- 
- die head; - -nzr^- \ct : - 

a servo amplifier fORControlling said motor; and ss c \. : 4 « : , r , :: 

- v a control box for accommodating said servo v; 0C _ ». 



amplifier, wherein • ; 

said chip.=collection.;bin. separates air from 
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(54) Horizontal machine tool 



(57) A horizontal machine"tbol has a spindle head 
which supports a horizontal tool spindle. The spind[e 
head is guided on a top surface portion of ,a A base .such , , 
that the spindle head isimovable in two horizontal direc^.-^ 

tions X and Z. A workpiece support-tor- supporting -a 

workpiece on its upper end is guided on the vertical #ont 
face portion of the base for movement in a verticafdF 
rection Y. When the spindle head is located at a machine 
ing position al the center in the X direction a pair of ',---* 
guide portions of each of a front/back guide mechanisfq^ 
for the spindle head and a vertical guide mechanism for 
the workpiece support body take symmetrical positions 
with respect to a vertical plane including the axis of the 
tool spindle. A first index member and a second index 
member for supporting the workpiece are provided on 
the workpiece support body. Therefore, all surfaces of 
the workpiece excepting an attachment surface can be 
machined while being directed to a tool on the tool spin- 
dle. The horizontal machine tool has an automatic tool 
change apparatus including a tool change arm unit, a 
tool magazine, and an intermediate transport unit. The 
tool magazine is disposed on the front side of the ma- 
chine tool and on one side of the workpiece support 



j Pa. Z ::- r -..i.-iA >Kl - ' ; /' " ! 
i ^h- .7 i. if* .; t - ■ :-• 

botfyln^heX/djrectiqrv, and is designed such that a plu- 
rality of tools can be stored into and removed from the 
"^magazine from the front side thereof. 

-J FIG. 1 



?V T 




wi - 
CP -- 



T5> 



CP 8S 8G 



Printed Jouve, 75001 PARIS (FR) 



EP 0 904 890 A3 



European Patent 
Office 



■ EUROPEAN SEARCH'REPORT 



' V. 



Application Number 

EP 98 11 8388 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



A 

X- 



Cltatton of document with indication, whore appropriate, 
of relevant passages 



DE 32 36 356 A (STEINEL BERNMARD " , 
WERKZEUGMASCH) 5,/Apri 1 1984 (1984^04-05) 
.* -page -9 , - paragraph- . 3~~--page J10 , paragraph 
3; figures 1-3 * ."MOtf : - ;-0 -;, 

* figures 1-4-** - - - 

-t*ovi v-:* ; -cl - "c 

DE 26 53- 928 A- ( STEINEL- BERNHARD 

WERKZEUGMASCH) 1 June3ll$78 (1978-06-01,) : 

* f i gures-2 , 3 *- - - — 

* figures 1-4 * 

DE 25 14 615 A (HUELLER GMBH K) 
14 October 1976 (1976-10-14) 

* figures 1-3 * 

* figure 2 * 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (M.CI.6) 



ly3,5- - 

2,-4.^411 
1,5. \ 

4 ~ 6-10 
1,5 



B23Q1/01 
B23Q11/00 
B 2301/62 
B23Q3/i55 



TECHNICAL FIELDS 
SEARCHED (tntCt.6) 



B23Q 

B23B 



The present search report has been drawn up for all claims 



Place of searon 

MUNICH 



Date ot completion of me seaich 

13 September 2001 



Kornmeier, M 



CATEGORY OF CITED DOCUMENTS 

X : particularly -elevant If taken atone 

Y : particularly -clovant If combined with anolt-er 

document of the same category 
A : technological background 
O : n on- written disclosure 
— P-Hrtef mediate document - 



T : theory or principle underlying the Invention 
E ; eartiar patent document, but published on, or 

after tne filing date 
D : document cited in the appfeation 
t. : document cited lor other reasons 

& : merrbe' ot the same aatent family, corresponding 
_ jJDCurnenl 



y 



2 




EP 0 904 890 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



: < : EP 98 t lH8388 



This annex lists the patent family members relating to the patent documents ctted In the above-mentioned European search loport. 

The members are as contained In the European, Patent Office EDP fie on -'s : . * ><,,; - ; 1 ,y,,, - 

The European Patent Office Is In no way liable for these particulars" whfch are merely given for the purpdse of Inlcrrmation. 



Patent document 
ctted.ln search . report 



Publication .. . 
' elate ' " u K - 1 



, ^ - Patent family 
; " - - * * rnenriber(s) ' 



■I - 



Publication 
-i ?i date 



DE 3236356'- 1 A 



i 05-04-1984 



NONE 



DE 2653928 



01-06-1978 NONE- 





DE 2514615 ! A 



14-10*1976^. i 3R6SiE9iutf. I : r )i OS 

c • •■ - : v 



* ^ ? i. D f .' * 1 



(^r-0i>a-;oi ; 



Si For more details about this annex : see Official' Journal of the European Patent Office; No. 12/82 



3 



